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SYSTEMIC BLASTOMYCOSIS 

IT's ETIOLOGIC, PATHOLOGIC AND CLINICAL FEATURES AS ESTABLISHED BY 
A CRITICAL SURVEY AND SUMMARY OE TIVENTY-TWC CASES., SEVEN 
PREVIOUSLY UNPUBLISHED , THE RELATION OF BL VSTO MYCOSIS 
TO COCCIDIOIDAL GRANULOMA 

FRANK HUGH MONTGOMERY, WD , 

AND 

OLIVER S ORMSBY, MD 

CniCAGO 

Since Ghlchnst, m Amenca, and Busse and Buschke, in Geimany 
hist desciibed the infectious disease now geneially known as blastomyco- 
sis, about one hundied cases involving the skm have been recognized, 
chiefly m Chicago and its vicinity, but also m other paits of the United 
States, m Canada, m vaiious paits of Europe, m Japan, India and South 
Amenca In consequence cutaneous blastomycosis is geneially accepted 
bv dennatologists and pathologists thioughout the woild as a distinct 
clinical and pathologic entity 1 

It is not, liowevei, so geneially undei stood that deepei -seated infec- 
tion vith these same oiganwms may cause giave and usually fatal sys- 
temic disease The puipose of this paper is to call attention to a number 
of recoi ded and umecoided cases of systemic blastomycosis and to sum- 
marize and classify, as fai as is now possible, the etiologic, pathologic 
and clinical featuies of the disoidei We have collected twenty-two cases 
(seien not yet published 2 ) m which the diagnosis of systemic blastomyco- 
sis has been demonstiated beyond question by histologic and bacteriologic 

Read befoie the Si\tli International Congiess of Deimntology, New Yoik 
Sept S-14, 1907 The anthois acknowledge the nse of the following lllustiations 
Figs 2, 4, 5, 6, 7, S, 9, 10, 11, 13, 15 and 1G fiom the Journal of Cutaneous 
Diseases Figs 2, 4, 12 and 13 fiom The Journal of the Aniencan Medical 
Association, June 7, 1902 

1 A geneial discussion of cutaneous blastomycosis, with a summaiy of the 
clinical, pathologic and bacteiiologic featuies of the disease, with 1G clinical 
lllustiations and 25 lllustiations of the histology and bacteriology, is given m a 
papei by Montgomeiy, Joui Am Med Assn, June 7, 1902, a'biief summaiy 
m Hyde and Montgomeiy’s Diseases of the Skm, ed 7, a geneial summaiy by 
Gilchrist, But Med Joui , 1902, p 1321, and original leports of many cases 
since January, 1900, m Jour Cutan Dis , and other journals 

2 Four or five of these will be published m full latei by some of our Chicago 
colleagues, who have kindly pei nutted us to make abstracts from tlieir notes 
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study of the lesions, and m eleven instances by autops}' To the lepoits 
of the twenty-two unquestionable cases on winch this papei is based we 
have added buef notes of five othei cases in which blastomycetes weie 
demonstrated m local lesions 01 m the sputum, and m which all clinical 
signs pointed to systemic infection, but m which the final pi oof of such 
infection is wanting 

HISTORY AND GEOGR 1P11IC MSTRII5UTIOX 

The cases m the appended sumniai^ aie ananged m oidei of publica- 
tion Busse and Buschke’s case of cutaneous and systemic blastomycosis 
was fiist lepoited by Busse m 1894, a lew weeks altei Gilchnst had dem- 
onstiated before the Amencan Deimatological Association his sections 
from a cutaneous lesion The Cnitis case was published in 1896 The 
first American ease of systemic blastomycosis (No 3) was undei observa- 
tion m 1894-5, but its true natuie was not diseoveied until five yeais 
later tlnough examination of the sections and tissue which had been 
preseived Sixteen of the cases herewith tabulated have been lecoided 
withm the last two yearn 

The residences of the 22 patients at the time oi acqun mg the disease 
weie as neaily as can be detennmed, as follows Chicago, 13, Iowa, 2 , 
Indiana, Wisconsin, Ohio, Maryland, New Yoik City, Germany and 
France, 1 each The Wisconsin patient piobably acqun ed his disease 
while woikmg m one of the southern states The tiue natuie of the 
Indiana, Wisconsin and Ohio cases was diseoveied when the patients 
weie m Chicago for examination and tieatment Though it is evident 
that blastomycosis, both cutaneous and systemic, occuis most fiequently 
m Chicago and its vicinity, it is piobable that one leason why so many 
reports come fiom this city lies m the fact that a nuinbei of Chicago 
physicians have become familial with the disordei and are on the lookout 
for it 

ETIOLOGY 

Predisposing causes, aside fiom those wdiich favoi any infection, can 
not be lecogmzed in the study of the twenty-tw r o cases Family and pei- 
sonal histones are, m the mam, negative There is no evidence of in- 
heritance or contagion, though m one of the doubtful cases (29) theie 
weie two, and possibly three, individuals of the same family with lesions 
shownng infection with blastomycetes Of the twenty-two patients, nine- 
teen were males and three females The ages varied from 17 to 58, 
seventeen patients being between 20 and 47, the penod usually of gieatest 
activity and consequently of most frequent exposure to infections The 
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occupation of sixteen of the nineteen men is given as follows laboieis, 
7^ fanneis, 3 , machinists, 2, engmeei, caipentei, policeman and comict, 
1 each Of the thiee women, one was occupied on a faini, one was a Gei- 
man housewife, the othei was a loung mamed woman with no occnpa- 



Fags 1, 2, 3 and 4 — Chaiactenstic lesions of cutaneous blastomycosis Fig- 
4 shows also metastatic lesions (Fiom Case 3 ) 


tion The hygienic sunoundmgs and financial condition of the patients 
w r eie unfavoiahle m the majority of cases 

The active and essential canse of the disease is infection with oigan- 
isms which, foi the want of a moie exact and satisfactory teim, are desm- 
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nated as blastomycetes That these oigamsms aie the pathologic lactois 
in these eases has been cleaily demonstiated, hist, by hndmg the oigan- 
isms m pus and tissue second, bj obtaining them m pine enllnie iiom 
subcutaneous abscesses and at autopsies fiom miliary nodules and ab- 
scesses of internal oigans, and, thud, by icpioduction of flic disease m 
guinea-pigs and othei annuals aftei inoculation with pine cultiues, and 
lecoven of the oiganism in puie cultiues fiom the gencially dissemi- 
nated lesions m these animals (Cases 1, 2 4, 5, S, 9, 14 and 18) The 
oiganism is a distinct pus-pioducei and is leadily obtained in pine cul- 
tuie fiom any of the unbioken abscesses 



Tubeiculosis lias been excluded fiom all the cases by examination of 
secietions and tissues In Cases 1, 2, 3, 5, 7, 8, 9, 12, 14 and 18, a thoi- 
ougli seaicli was made foi any possible complicating tubeiculosis, not 
only by the examination of secietions and tissues, but also by the inocu- 
lation of guinea-pigs, while m Cases 5, 7 and 14 the tubeieulm test and 
cultiues weie also employed Only m Case 11, m which, late m the dis- 
ease, tubercle bacilli u eie found m the sputum, was any such complica- 
tion detected It is tiue that m Case 3 aftei piolonged search, three oi 
four bacilli with staining qualities like those of tubeicle bacilli were seen 
m sections of a small open ulcer of the skin, but the exact natuie of these 
bacilli was not demonstiated, and they weie undoubtedly piesent as the 
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lesuli of secondaiy infection, since seveial guinea-pigs inoculated with 
tissue fiom these same lesions did not dei clop tubeicnlosis 

The indications concerning the infection atiium and mode of dis- 
semination aie as follows At each of the eleven autopsies the lungs 
weie found to he moie 01 less extensively involved, m seveial instances 
with bionchopneumonia In a numbei of cases the eailiest symptom* 
weie piilinonai} , and blastomi cotes wcic demonsfiated m the sputum 



Fig 3 


These facts would point to the lespnatoiy tiaet as a common point of 
infection, thiough the inhalation of pai tides of dust eaiiymg the oigan- 
lsms In Cases 3 and 4 t)'pical cutaneous lesions had existed foi seven 
and foiu ) earn lespectively, befoie systemic infection occuned In Case 
12 theie is a histon of a wound of the foot, with the hist manifestations 
of the disease appealing m the adjacent tissues In the majonty of the 
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cases, howevei, and especially m those m which the hist symptoms wcie 
indolent subcutaneous abscesses the point of inoculation can not be de- 
tei mined 

That the mode of extension is the same as m othei pvemias, tlnough 
■the blood instead of by way of the lymphatics, is evident iiom the wide 
and often lapid dissemination of deep-seated lesions with little 01 no m- 
yolvement of the lymph glands and iiom the tact that blastomycetes haie 
been demonstiated m the blood in Cases 1 and 19 and m sections of blood 
\essels m a numbei of instances Enlaigecl lvmph glands aie noted 
clinically m Cases 3, 4, 5 7 and 19 and at the aulopsi m Cases 1, 7, 8 
14, 19 and 20 but m no instance uas the imohemeni of hmph glands 
a piomment featuie 

The oiganisms aie appaiently identical with those lound m cutaneous 
blastomycosis and, as these have been descubcd fulh and lepeatedly, the 
subject will be consicleied x ei y bnetly heie In unstained piepai alions of 
pus and tissue the oiganisms appeal as louncl oi oval bodies with a 
double-contoui cd, highly lefiactive capsule Within the capsule, in mam 
instances gianules oi spoie-like bodies, can be distinguished The addi- 
tion of a 1 to 10 pei cent solution of potassium liydiate to the specimen 
undei examination facilitates the lecogmtion of these bodies In stained 
sections the double-contoui ed, homogeneous capsule is usually sepaiated 
fiom a finely oi coaisely gianulai piotoplasm by a cleai space of laiymg 
•width Vacuoles of diffeient sizes aie found m some oiganisms In 
both pus and tissue, oiganisms m pans oi m lanous stages of budding 
aie commonly seen The paiasite, as a mle, vanes m size fiom seven to 
twenty nncions, though slightly smallci and much laigei ionns occui m 
some cases 

The oiganisms aie icadily obtained m puie eultuie fiom unbioken 
abscesses, iiom nuliaiy abscesses m the boideis ot the cutaneous lesions, 
and fiom the nnliaiy nodules and abscesses m the deep-seated oi gans 
Cultures weie obtained m all the cases heie lepoited, except 3 and 6, in 
which the natuie of the disease was discoveied bv histologic examination 
ot tissues aftei death The paiasites glow well on glycenn and glucose 
agai, blood serum, bioth, and othei oidmaiy eultuie media A macio- 
scopic giow'tli is usually seen m fiom tw'o to fomteen days, m subeultuies 
fiom thnty houis to fouiteen oi moie clay's The gioss and nncioscopic 
fonns of the oiganism m any one case may be made to vaiy widely with 
the media employed, and with the tempeiatuie and othei conditions of 
giow'th As a mle, the giowth is moie oi less moist on glycenn agai, but 
cliy and showing abundant aenal hyphae on glucose agai At loom tem- 
peiatuie theie is a gieatei tendency' on all media to a clnei giowth and a 
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gieatei development of aenal hyphre than m the mcubatoi, uheie the 
giowth is commonly moie moist and pasty Moist growths on glucose 
agai, taken fiom the mcubatoi and grown at loom temperature, become 
diy and develop abundant aenal hyplise Old cultuies on glycenn agar 
usually piesent a lough, gianulai 01 angleuoim appeaiance of a light 
blown color 

Microscopically, the bactenum obtained in loom-tempeiatuie cultuies 
appeals at fiist as a line blanching mycelium with a few small, spoic- 
like bodies Latei, a laige, segmented, often pod-like mycelium appeals, 
togethei with large, round or oval bodies until bud-like pioiections Many 
small spoie-hke bodies aie fiequently seen within the laigei mycelium 
and laige lound bodies, 01 m gioups near a luptuied capsule, but the 
development of these small bodies into adult foims has not been demon- 
strated Cultuies giown m the mcubatoi usually show at fust budding 
forms, apparently identical with those seen m tissue and m pus 

The cultuial featuies of the oiganmns as lepoited bj diffeient ob- 
servers m ditfeient cases have vaned consideiabh It does not follou, 
lrowevei, that the parasites vaned as much as the lepoits u on Id imply, 
foi with the oiganism fiom a single case we have pioduced piacticalh all 
the moiphologic vaneties previously desenbed by oui selves and others 
The futility of any attempt to foim a classification based on morphol- 
ogy alone is thus appaient The nunrbei and varieties of pathologic 
fungi of this gioup can be detei mined only by a comparative studr of 
them all on uniform lines and with absolutely the same technic n As it 
has been demonstiated that theie are a numbei of yeasts pathogenic foi 
animals and as Hanson has shown that yeasts laiely occui smgh m 
Ha tine, but lathei m gioups of two 01 more, it is quite possible that m 
the majonty of cases of blastomycosis theie may be piesent tvo 01 tlnee 
varieties of a given species Such a hypothesis would explain some of 
the cultuial and othei phenomena we have obseived 

PATHOLOGY 

Aside from the maiked tendency to pus foimation, the gioss pathol- 
ogy of systemic blastomycosis so closely lesembles that of tubeiculosis 
that, m some of the earliei autopsies, the piesence of laige numbei s of 
minute nodules m different organs led to a macioscopic diagnosis of 
miliary tuberculosis The foimation of multiple abscesses (especially 
subcutaneous abscesses) with the resulting sinuses, ulceis and scam, is, 
however, one of the characteristic features of the disorder These ab- 

3 Tins has been done with the oigamsms from fom cases, by Hambingei 
Jour Infect Dis , 1907 iv, 201 
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scesses may be micioseopic m size, or tlie^ may be laige enough to hold a 
litei of pus They may bunow deeply, imolvmg the muscles, laying 
baie the tendons causing eiosion and canes of bones and invading the 
joints, 01 then ongm may be m deepei tissues, pioducmg laige thoiacic, 
abdominal oi pelvic abscesses Multiple miliaiy oi pea-sized and laigei 
abscesses may oecui m any oi all of the oigaus of the bod}', but aie espe- 
cially common m the lungs and spleen, uhich m some instances aie com- 
pletely nddled and laigely destioyed In seveial instances veitebiai, and 
m one case «eveial inches of the spinal cord, have been completely de- 



Figs 5 and G — Multiple cutaneous lesions such as occui commonly m sjstennc 
blastomycosis (Fiom Case 5 ) 

stiojed The bone involvement may oecui as a blastomyeotie osteomje- 
litis, as shown m Case 19 . 

The histologic appeal ances also stiongly suggest those of tuberculosis, 
but again differ fiom them, especially m the abscess foimation and m the 
presence m the nodules of gieatei numbers of polymoi phonu clear leuco- 
cytes A small nodule m the lung, which closely resembles m appeal anee 
a miliaiy tubeicle, is seen to have the following component parts In its 
centei is a neciotie mass surrounded by giant cells, outside of which is a 
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zone of gianulaiion tissue The neciotic ccntci contains blastoni}cete= 
poll moiphonueleai leucoc}tes led blood coipn^cles and desquamated epi- 
thelial cells Sun ounding this mass aic inning nuinbeis of giant cells 
of the Langhans 1a pc and embnonic connects e-ti c snc cells The giant 
cells neail} all contain blastonneetcs in inning nuinbeis sometimes 
being eioivded full of them Outride of ihn aiea aie iound plasma, and 
small, iound cells some connectn c-ti^suc fibeis and distended capillaries 
In these aieas the alveolai vails aic oltcn not demomtiablc and in the 
bionclnoles desquamated epithelial cells blastoimcetcs cellulai detutus 
and pigment aic found In some sections all that lemains to show the 
foimei picsence of bionclnoles is the deposit of penbionohi.il coal dust 
At a distance fiom the blaAoim cotie bionchopncumonic piocoss edema 
of the luns: tissue occuis In cases wheie gieatei destiuction has ensued 
as a lesult of inoic active multiplication of the oiganisms the ldentiii 
of the lung tissue is piacficalh )os| its place being occupied In gieat 
numbeis of the paiasites, giant and othci cells pcculiai to the gianulo- 
mata, cellulai detutus and laigc amounts of pigment The pcnbionchial 
hinpli nodes contain blnstomi colic nodules, similai to those desenbed 
aboie sections of which show r less adianccd aieas of neciosis, sunounded 
In gianulation tissue The giant cells at times contain pigment as well 
as the usual oiganisms 

The smallei aieas m the spleen, kidneis pancicas adienals, etc 
show, as a mle, collections oi blastomicetes and neciotic tissue, the necio- 
sis being less niaikecl than m the lungs, and giant cells less Iiequent Ko 
giant cells have let been noted in the spleen 1ST eci otic aieas m bones, 
containing the oiganism m abundance, sunounded by leucoc}tes, giant 
cells, and otliei cells peculiai to the gianulomata, liave been obseived in 
seAeial instances and iully desenbed m Case S 

In the deepei abscesses (ietiopliai}iigeal, deep subcutaneous, etc ), 
sections from the lining of the abscess caAitics sIioav neciotic tissue, blas- 
tomycetes, and leucocytes, chiefly polynueleai, sunounded by giant cells, 
small iound cells and flbioblasts, the giant cells all containing bias- 
tom} cetes 

Sections fiom a deep uniuptuied nodule m the skin showed its metas- 
tatic oiigin It was a beginning abscess situated chiefly m the liypodeim 
the oveilymg epidennis being unalteied The u]ipei pait of the conum 
showed little change, Avlnle in the lowei pait some edema and moderate 
degeneiation of the collagen Avas piesent In the liypodeim the nodule 
presented m its centei blastomycetes, m gioups, m pairs and singly, poly- 
moiphonuclear leucocytes and led blood cells Sunoundmg this Avere 
numeious giant cells of the Langhans type, plasma and connective-tissue 
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cells At the maigms weie some fibi oblasts The giant cells heie all 
contained the 01 gam sms 

While as a mle theie appeals to be a ceitain amount of nnifoimity m 
the anangement of the component pails of this granuloma m diffeient 
paits of the bodv, many sections have no such anangement, but latliei an 
indefinite commingling of the vanous cells with the blahomycetes Oidi- 
naiv fixing and staining methods suffice to demonsti ate the oigamsms, 
vliich aie found both vuthm the giant cells and fiee Hematoxylm-eosm, 
pohclnome-inetlyylene blue, and Loefflei’s alkaline methylene blue aie 
most commonly employed Metaehiomism is at times shown by the 
gianules m the oigamsms when mctachiomatic stains aie employed 





Pig G 

It is w 01 thy of note that, notwithstanding the piesence of suppuiation 
m all of the cases, m tlnee only (5, 6 and 8) was amyloid degeneiation 
leeogmzed, and m only one instance (Case 8) weie these changes at all 
extensive In this case amyloid nas noted m the spleen, livei, kidnevs, 
adienals, letiopentoneal and mediastinal lymph nodes and colon 

In ten 4 cases of which full autopsi*- lepoits aie available, lesions dis- 

4 In one (Case 18) of the eleven which came to autopsy we have only the 
authonty of Di Evans’ oial statement that blastomycotic lesions weie distubuted 
geneially thioughout the bodv and that seieial veitebiai and a poition of the 
'-pmal coid veie destioyed 
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tmctly blastomveotic m chaiactei veie demolish aicd m the follovmg 
organs and tissues Lungs, in all cases, plcui a m Cases i, 7, 19 and 20, 
laiynx, m Case o, tiacliea and bioncln m Oa*cs 5, 7 and 8, thjioid cai- 
tilage, in Case 9, letioplui vngeal and subpleuial tissues m Case 7, 
myocaidium m Case G, ceiebium and eeiebelhnn, m (Ves 7 and 19, 
spinal cold, m Case 18, external spinal duia, in Case 7 , spleen, m Cases 
1, 3, 5, G, 9, 14, 19 and 20 , lnei, in Cases 3, o, G and 7 y kidney m Cases 
1, 3, 5, 6, 7, 9, 19 and 20, adi dials, m Case 6, panel eas, in Ca=e 5, colon, 
in Case 7, appendix veiiniloinns, m Case 11, pioslate, m Oa*cs 19 and 
20, psoas and otliei deep abscesses, m Cases S 9 and 14 , bone*, not in- 
cluding spinal column, m Cases 1 7, 8 9, 19 and 20 , spinal column, m 
Cases 7, S, 18 and 19, joints, in Cases 7 18 and 19, lyuph nodes m 
Cases 7, 8, 1 1, 19 and 20, muscle*, m Cases 19 and 20 Cultuies ot the 
blastomycetes weie obtained liom the pencaidial and plcui al eavitie- in 
Case 20, fiom the blood m Cases 3 and 3 9 , oiganisms weie demon*tiated 
m sections of blood vessels m Cases 5, S and 9 

The blastomycotic natuie oi the subcutaneous ab*ces*cs va- demon- 
stiated m each case by cultuies oi examination of smeais The histology 
of a subcutaneous nodule is descnbed m detail m Case 5 Section* of 
mam of the cutaneous ulceis veie made, shoving the chaiacteii*tic teat- 
mes of cutaneous blastoim cosis 

Among otliei moibid conditions noted at autopsi m the«c lanous 
cases weie the following laiyngitis, adenoma of the thvioid, colloid 
goitei, fibrous and seiofibnnous pleuiitis, puiulent bionchitis, bioncho- 
pneumoma, pulmonaiy edema, fibioid inclination of the lungs, pencaidi- 
tis, atrophy of the heait, penhepatitis, paiencliymatous clegeneiation, 
fatty changes adenoma, angioma and atiopliy of the livei, nephutis, 
retention cysts of the kidney, liypei plastic splenitis, atiopliy of the testi- 
cles, and tigiolysis of ganglion cells of the ceiebial coitcx and lential 
lioms of the coid 

Animal expeiiments have clemonstiated the pathogenicity of blas- 
tomycetes for guinea-pigs, white mice, rats, labbits and dogs The 
inoculations weie fai fiom umfoimly successful, many animals shoving 
little oi no reaction, and m the expeiiments that wei e successful a leiy 
large dosage was lequned The best lesults followed mtiapentoneal and 
mtiavenous injections of puie cultuies, and weie most maiked m those 
animals killed about three weeks aftei inoculation Seveial guinea-pigs 
in which a geueial systemic infection vas indicated by megulai feiei, 
lasting a number of weeks, by loss of weight, and even by the foimation 
of palpable abdominal tumois, eventually made a complete recoi eiy, 
showing then ability to oveicome the disease Local lesions induced by 
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subcutaneous inoculation usually healed m a few weeks The gioss and 
nncioscopie findings m animals weie sinulai to those found m man In 
the vanous animals the following stiuctuies showed blastomycotic nleeis, 
nodules, nnlitaiy tubeicles and abscesses, the skin and subcutaneous tissue, 
lungs, plema, diaphiagm, livei, spleen, kidneys, mesenteiy, omentum and 
testicles, mediastmal, mesentenc and inguinal lymph glands, and m one 
instance the placenta The imolvement to a maiked degiee of the testi- 
cles aftei mtiapentoneal inoculation conesponds to lesults obtained with 
the oiganisms of coccidioidal gianuloma aftei similar inoculations 



Yig 7 — Cutaneous section showing aiea of mfiltiation beginning m hypo- 
deim (Fiom a snbeutaneoas nodule, Case 5) 

CLINICAL FEATURES 

The common and most pionounced featuie of all the cases (except 
Case 6, m which tlieie was but one abscess) has been the foimation, 
soonei oi latei of multiple abscesses m vanons parts of the body, with 
the accompanying symptoms of a chionie pyemia m the foim of an lrreg- 
nlai, model ate fevep malaise, loss of stiength and emaciation In addi- 
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tion, man} of the cases have piesented symptoms cine to the location of 
the disease m ceitam definite oigans as the lungs 01 kidneys In such 
instances the symptoms closel} icsemble those of tnbeiculosis ol the same 
oigans, except that the symptoms and clinical signs appeal to be even 
less pionounced than m tubeieulous changes oi equal extent and seienti 

In nine cases (1, 2, 3 4 9 12, 13, 17 and 21) subcutaneous abscesses 
oi local ulceis weie the fiist clefiniteh lecogm/ed manilestations of the 
disoidei, and weie followed m the eoume ol dax s oi weeks bj the develop- 
ment of geneial symptom® Eudence^ ol si atomic di^tui banco picceded 
the appeaiance of local lesions ioi peiiods van mg iiom a few davs to a 
month m five cases (3, 10, 11 16 and 19), and Jiom tlnee to six month's 
m seven cases (5, 7, 8, 14, 13 20 and 22) In Cam 6 the patient died 
aftei about six months of a sxstemie disoidei pointing to imohement ol 
the lungs and intestines and with the development of but a single abscess 

The geneial svmptoms may be ushcied m b} acute febule distuib- 
ances (as m Cases 3, 10 and 11), by symptoms of a “cold (as m Cases 
5, 6 and 19), by tonsillitis and pneumonia (m Case 15) In fouitecn 
cases the geneial sjmptoms weie giadual and insidious m then develop- 
ment In Case 3 tlieie weie lepeated attacks ol an acute febule condition 
lesemblmg pneumonia, followed m a lew r dajs b) the appeaiance of sub- 
cutaneous nodes and abscesses In seveial othei cases, snnilai though less 
pionounced febule icaction«, pieceded the appeaiance ol each new* ciop 
of abscesses 

The couise of the disease is essentially clnonic, though modeiately 
acute exaceibations and lemissions maj occui In exeiy case, except No 
4, m which the disoidei was lecognized eaily and the patient piomptl} 
lecoveied, giadually mcieasmg loss of stiength, w'lth emaciation has been 
the lule, togetliei wutli an megulai tempeiatuie ranging fiom noimal oi 
subnoimal to 101 oi 103 Night sw r eats and edema weie ieatmes m a 
numbei of cases Death has lesulted usually from giaclual exhaustion 
due to the chionie pyemia, oi to the general dissemination of the disease 
thiougli various organs and tissues of the body In a few instances a 
fatal termination has been hastened by the rapid and extensive destruction 
of tissue m the lungs (as in Cases 3 and 5), oi m the lungs and othei 
oigans (as m Cases 6, 19 and 20) The duiation of the disease, aside 
from Case 4, m which apparent recoveiy took place m about six w r eeks, 
varied fiom foui to six months m four cases (6, 12, 19 and 20), fiom 
six months to a year m three cases (3, 5 and 9), and fiom one to tw r o and 
one-half yeais m thirteen cases 

Pulmonary symptoms have been present m many of the cases, but 
have almost invariably been mild during the early pait of the disease 
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and limited usually to cough with expectoi ation, 01 a feeling of discom- 
foit m the chest In a few cases (as m 3, 5, 7, 9 and 19), as the disease 
piogiessed, these symptoms became much moie pionounced, with blood- 
stained sputum Ph}sical findings have not pointed to extensive involve- 
ment of the lungs, except m a few eases (9, 19 and 20) towaid the end 
With one oi two exceptions the changes found m the lungs at the autopsy 
weie much gieatei than weie indicated bv the symptoms and physical 
signs Blastomycetes weie demonstrated m the sputum m Cases 7, 8, 9, 
12, 19 and 21 Laijngitis, with hoaisenes? oi aphoiia, was a persistent 
sjniptom in Case 5, and to a lessei degree m two oi thiee othei cases 



Fig 8 Highei magnification of Fig 7 showing gioup of giant cells contain- 
ing the organisms (X GOO) 


Gastrointestinal symptoms w r eie noted, chiefly m the fonn of dianhea, 
m Gases 6, 7, 8, 12 and 14 Blastomycetes weie demonstrated m the 
feees in Cases 7 and 12 Symptoms of nephntis, with albumin and casts 
m the uime, weie reeoided m Cases 6, 7, 8, 9 and 19 Blastomycetes 
were demonstrated m the mine (from the piostate) m Case 19. 

Where blood examination is mentioned, moie oi less leucocytosis is 
reeoided (m Cases 7, S, 9, 13, 14, 16, 19 and 21) Anemia was noted m 
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Cases 5, 8, 16 and 19 Blastomvcetes weie obtained m cultuie fiom the 
blood m Cases 1 and 19 (they weie demonstiated m sections of blood 
vessels m Cases 5, 8 and 9) Some enlaigement of the spleen is noted m 
Cases 5 and 14- , of the livei m Case 5 

The amount of pain cxpenenced by difTcient patients vaned widely 
With some it was vei> modeiate in both supeificial and deep lesions, m 
otlieis all the lesions, and affected joints especially, veie exceedingly 
painful and sensitive 

The abscesses may be conveniently dm dec! foi the pm pose of de- 
scuption into two gioups, the supeificial and the deep The foimei 
appear, usually in considerable numbeis and often m succe^sne ciops, m 
ditfeient parts of the bodv as pea-si/ed oi huger model atelv Him nodules 
m the subcutaneous tissue The ovei lying skin is not modified at first, 
and many of the nodes m the beginning can be deteeied only by palpa- 
tion Duiing penods vailing fiom ten dais to seieial neeks the lesions 
enlaige, soften and luptuie, uitli the fonnation oi fistulai, open abscesses 
oi ulceis Occasional nodes mil undcigo lcsolution and disappeai aftei 
attaining a diametei of onc-half an inch oi moie Small, unbioken 
abscesses contain a peculiai glanv muco-pus As the abscesses get laiger, 
and especially aftei luptuie and sccondaiy infection, the dischaige diffeis 
little, if at all fiom that of an oidmaiy abscess, though the contents of 
most of the abscesses aie aluays multiple, fiom thiee oi foui to a dozen 
oi moie being piesent at almost any penod of the disease Hmety-thiee 
such abscesses oi the lesultmg lesions of the skm ueie counted at one 
time m one patient (Case 5) The deeper abscesses aie largei, less nu- 
merous, and are usually associated with destiuctive processes in the 
bones, muscles and other deep tissues Psoas, peiineplnitic, abdominal, 
thoiacic and letiophaiyngeal abscesses of laige size aie on lecoid Super- 
ficial abscesses at the time of luptuie vaiy m size fiom one-half to two 
inches m diametei Fiom some of the deep abscesses many ounces (m 
one instance ovei a quait) of pus have been evacuated 

The cutaneous lesions are found chiefly m the form of megular, 
lagged lather supeificial ulcers, and have a soft base, a granulating floor, 
and a purulent oi sanguinopurulent dischaige which often forms bulky 
ciusts Some of the ulceis acquire a fungoid oi papillomatous appeai- 
ance, m otlieis the holders are slightly elevated and contain miliaiy ab- 
scesses In some instances, as the lesult of transformation of one of the 
above-described ulceis, but more commonly as the result of infection of 
the skm mth the secietions fiom them, theie aie formed the character- 
istic lesions of cutaneous blastomycosis These aie elevated patches of 
ranous sizes ruth a veriucous or nregulai papilhfoini suiface, a soft, 
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pus-mfiltialmg base, and a purplish-ied, sloping bolder m which, with 
the aid of a hand-glass magnifying from two to six diameieis, the chai- 
actenstic miliai 3 r abscesses can be detected 

The joints 01 the tissues immediately about them weie affected m 
eleven cases (7, 8, 9, 14, 15, 17, IS, 19, 20, 21 and 22) In some in- 
stances the joint showed foi w'eeks no evidence of disease except pain, 
with oi without a small amount of swelling In otheis the mflammatoiy 
sunptoms weie moie pionounced, and m tw r o cases so maiked that a diag- 
nosis of acute aiticulai lheumatism w ? as made Inflammation and canes 



Tig 9 — Section of livei showing nnliaiy abscess ciowded witlx the oiganism 
(Fiom Case 5 ) 

of some of the bones weie lecognized clinically m nine cases (1, 7, 8, 9, 
13, 18, 19, 20 and 22) Spondylitis was piesent m Cases 7, S and IS 
The eye was involved m two cases, a corneal ulcer m Case 1 and paitial 
loss of vision m one eje m Case 20 Fiom the corneal ulcei, and fiom 
the vitieous by aspnation m Case 20, puie cultures of blastomycetes wei e 
obtained Slight or a moderate local or geneial enlargement of the 
hmph glands was noted m six cases (1, 4, 5 7, 14 and 19), but in none 
w*as adenopathy at all piomment 
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DIAGNOSIS 

The disease m its vanous manifestations might be confused ruth an 
ordinary pyenna, tnheiculosis, syphilis, nephntis oi aiticulai lheuma- 
tism When abscesses 01 cutaneous lesions aie piesent it is a simple 
matter to establish the diagnosis by the examination of pus 01 tissue 
The addition of a 1 to 10 pei cent solution ot potassium hydiate to the 
specimen will make the double-contouied capsule of the oigannm stand 
out clearly" When the paiasites aie piesent m reiy small numbei they 
can be more easily demonstiated m tissue by allowing iiagments to dis- 
mtegiate m the potassium livdiatc solution oi moie slox\ lx m 50 pei cent 
alcohol The organisms, when piesent, aie easily found m the sediment 

In most of the cases m which systemic symptoms preceded the appeal - 
ance of the abscesses tlieie weie indications oi pulmonaiy, gastiomtes- 
tmal or kidney disease, and m seveial blastomycetes ueie demonstiated 
m the sputum, feces and uime They aie less difficult of demonstration 
eitliei m secietions oi m tissue than tubeicle bacilli In eveiy case oi 
the foimation of multiple abscesses ruth symptoms oi a geneial p\cmia, 
as veil as m cases of vhat appear to be atypical tubeicnlosis the possi- 
bility of infection with blastomycetes should be consideied 

TRE VTMENT 

The tieatment of systemic blastomycosis has been on the whole reiy 
unsatisfactory , but it is piobable that if the diagnosis can be made eaily 
the proper employment of potassium lodid, tonics and hygienic measuies, 
including possibly a change of climate, would give much more fa's oi able 
results This statement is based on the fact that neailv all the cases oi 
cutaneous blastomycosis have been improved, and a numbei have lecov- 
ered completely", under the influence of potassium lodid Furtheimoie 
m Gilchrist’s case (Ho 4 of this senes) the natuie of the systemic con- 
dition was recognized at the very" outset, owing to the fact that it had 
been preceded for several yeais by local cutaneous lesions, and undei the 
influence of potassium lodid the patient made a piompt recovery" Pa- 
tients B and C, of the doubtful cases appended to this senes, also made 
good recoveries under this treatment In Ileinck and Garvey" s case 
(Ho 13) the patient, while m Chicago, did not impiove greatly undei 
the tieatment, which included the use of potassium lodid, and liei con- 
dition was considered hopeless, but on lemovmg to California she made 
complete recovery In all the othei cases m tins series the disease was 
well advanced and the patient veiy much reduced m strength and w eight 
befoie beginning the treatment The hygienic surroundings weie also 
unfavorable m several instances In a few of the cases the use of potas- 
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sium lodid was followed by decided temporary improvement, but m tlie 
ma^onty it appaiently had no influence It is piobable that, as m some 
cases of cutaneous blastomycosis, laige doses (half an ounce oi moie 
daily) may be requned to produce any effect The use of sulphate of 
coppei internally, as suggested by Bevan, is worthy of tnal, though it 
pioved of no benefit m two oi three cases m which it was used 

Local lesions should be tieated like those of cutaneous blastomycosis, 
with local antiseptics, of which a 1 per cent solution of sulphate of 
copper is one of the best, and with the a-iavs 



l'ig 10 Highei magnification of Fig 9, showing one edge and a part of the 
abscess ( X 350 ) 


PROGNOSIS 

Of the twenty-two patients, two hare lecoveied (4 and 13), seventeen 
aie dead, and thiee 5 (12, 15 and 17) aie failing lapidty and piobably 
can live but a few weeks The piognosis is evidently exceedingly un- 
favoiable, though, as suggested undei the head of tieatment, we believe 
that with an eaily diagnosis and pioper tieatment, including good 
higienic sui roundings, the mortality can be greatly i educed 

5 No lecent lepoit has been lecened regarding the condition of these thiee- 
patients 
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SUMMARY RILYTIOX OT BL YSTOMY COSIS '10 COCC IDIOID YL OIUXULOMA 

A senes of eighteen cases hate been lcpoitcd, chiefh Jiom California 
by AVeimcke, Ihxloid and Gilchnsi, D \Y Montgomeiv and Monow, 
Ophuls and Moffett, and oilier undei the name ol ]noto/oic skin disease 
oi coccidioidal gianuloma '• A compaiutite stud\ ol the lepoits of these 
eighteen cases and the twenty -two cases oi blast onn costs shows that the 
two disoideis have mam lea tuies in common but with a Jew moie oi 
less essential points of diflcicnce 7 

The following featuies aie common to the two diseases A chiomc 
infectious piocess chaiactcn/ed hi the foimation of multiple abscesses, 
nodules and milian tubeicles whuh imohe piacticalh all ol the oigans 
and tissues of the both including the skin, subcutaneous tissue muscle 5 , 
bones joints internal oigans and none tissues sunptoms closeh simu- 
lating miliaiy tubeiculosis oi a chiomc ptemia multiloimiti of cu- 
taneous lesions wducli max be pi mini \ hut aie commonlx socondaiy in 
oiigm a maikecl tendencx to in\ohe joints piosnessixe emaciation and 
loss of stiength with death usually Jiom ffiadual exhaustion In gioss 
pathologj and micioscopic anatomy thex both lesemble tubeiculosis but 
diflei fiom it inasmuch as in both blastom\co«is and coccidioidal gian- 
uloma the oiganisms aie pxogeme The two conditions fuithei lesemble 
each othei and cliffei fiom tubeiculosis m the icsults ol animal expen- 
ments in which subcutaneous inoculations aie ineflectne, though mtia- 
pentoneal and mtiaxenous inoculations aie cpntc iimfoimh successful 
m lepioducing the disease The infection atiium m scveial cases of both 
senes has appaicnth been the lespnatoix tiact 

As to points of chffeience, the axeiage couisc of the coccidioidal dis- 
ease appeals to be somewhat shoitei and theie is a much gieatei 
tendency to extension tlnough the lymphatic channels than m blasto- 
mycosis _ these txyo featuies being clue appaiently to the fact that m 
tissues the oiganisms of coccidioidal gianuloma multiply by endogenous 
spoie foimation, while m blastomycosis they piolifeiate solelyr by bud- 
ding It is tiue that m Cases 7 and 14 of this senes ceitam cellulai 

G Ophuls (Join Am Mecl Assn, 1905 \h, 1201 and King, Ibid, 1907, 
xlvm, 743) gne summanes and levicws of these cases Both of these men 
discuss the l elation of coccidioidal granuloma to blastomycosis, but both look on 
the latter chiefly as a local disoider and make the statement that but one ease 
of blastomycosis had become geneialized, Opliuls thus overlooking five cases, and 
King ten cases of systemic blastomycosis, that lnd been published when they 
made then lepoits 

7 Since this papei was lead an aiticle has appealed bv Hektoen, Joui Am 
Med Assn, 1907, xlix, 1071 m which the lelation of the two disordeis is ably 
discussed 
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foims suggested stionglv endogenous spoie foinration but the fuitlici 
development of the spoie-like bodies could not lie demonstiated In cul- 
tuies tlie oiganisins of both senes glow as mold fungi, shoeing some 
slight diffeiences m then aioss appeal anecs which nnn oi may not piove 
to be lmpoitant Fuithei studv along uniioim lines of investigation will 
be necessaiv befoie a satisf acton classification of the oiganisms m either 
senes will be possible 

Blastomvcosis and coccidioidal gianuloma aic undoubted! \ closelv 
i elated disoideis, much moie closeh i elated to each othei than is eithei 



Fig 11 


(a) 


(b) 


(c) 


•Cultures foui weeks old (a) On glucose agar (b) on glycenn 


^ - >• ' O ~ 'O \ ” / £ 

agar grown at loom tempeiatuie, (c) on glucose agar grown nr meubator 


to tuberculosis It may be that fuithei stud) will remove the one fun- 
damental difference between them, that is, the behauoi of the oiganisms 
m tissue, and piove the conditions to he but vaneties of the same pioeess 
Dr Hyde s suggests that the lecogmzed diffeiences between the two dis- 
orders may be due wholly to climatic influence On the other hand, it is 
piobable that theie may be several vaneties of blastomvcetes and othei 

S Hyde Jour Cutair Drs 1907, \w, 34 
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closed i elated fungi which aie capable of pioducing m man a senes of 
dividers of the same gcneial clinical and pathologic hpe 

SUM.M AR\ — UXD0UBT1 D C \SFS 

Case 1 Busse akd Busciiki 0 'Jhe patient, a delicate woman, aged 31, 
the wife of a slioemakci, was bom and lncd m Gcimnm Since caih cluldhood 
she had had lepealcd atacks of glandnlai swellings m the neck and avillai At 
the time of hei examination most of the palpible glands weie slighlh enlarged 

Accoidmg to Busse, the disoiaei under consideiation began .as a tumoi sunilar 
to a gumma oi softened saieoma below’ the knee, though Buschke states that, 
seveial months pnoi to the foimation of the tumoi, acne like lesions appeared 
on the face and neck These lesions nndeiuenl necio«is in the center and formed 
pea smed or slightly lngci tilccis some of which healed spontaneously Latei 
many other similai, and some slighlh lngci, ulccis appeared 'these ulcers 
weie lound, with sharply defined, lagged somewhat undei mined, slightly infil- 
trated wall-like edges, and were suuoimded In turn and Imd lioiders The bases 
of the uleeis were soft, the floors coined with grmulxtions and tenacious red- 
dish-gray seeietions Subcutaneous nodules also were «ecn «ome of which der el- 
oped into ulcers The tumoi s below the knee foimed an abscess winch extended 
to and imohed the knee joint A few r months latei an abscess foimed m the 
light ulna near the elbow, and anothci m the left sixth nb the patient devel- 
oped bronchitis, with laiymg tempciatuic and irregulai pulse, and died of 
giadual exhaustion a little more than a yeai aftei the appeal .nice of the ab- 
scess below the knee 

A double contoured, yeast*hke fungus was obtained m pme cultuie from the 
diffeient abscesses, the cutaneous lesions, a corneal ulcer, and the blood It could 
not be demonstrated in the mine 

At the necropsy, gianulation foci oi abscesses weie noted also m the lung, 
left kidney and spleen Micioscopie tubeicles m the lungs contained no tubercle 
bacilli Fiom all these aieas the yeast like fungus was isolated The oigamsm 
developed m cultuies by budding, and appeals to liaie concsponded in all essen- 
tials to tlie oigamsms seen m blastomy cosis An adi cntitious capsule was de- 
scubed, similai to that recoided in the Cuitis case (Case 2) Animal expen- 
ments showed the oigamsm to be pathogenic foi while mice, guinea-pigs, labbits 
and dogs, and demonstrated the absence of tubeiculosis in the ease 

Case 2 — Curtis 10 The patient was a man, aged 20, who lather lapidly 
developed multiple tumors on vanous parts of the trunk, neck, extremities and 
groin Some tumors w'ei c firm and the skin ovei them intact, othcis formed 
abscesses which bioke and discharged The tumors w r ere myxomatous m cliai- 
acter, and many were composed almost entirely of double contouied and budding 
organisms, both mtracellulai and extiacellulai In about a yeai the patient died 
from meningitis of undetermined nature 

Cultures of the organism w^ere obtained, and m the hands of Anna Stecksen 
animal experiments w r eie successful, inoculations m white rats producing miliary 
tumors m the pleura, spleen, kidneys and lungs, fiom which the organism wa- 
l ecovered 

9 Busse Centralbl f Bakteriol u Parasitenk , 1894, xvi, 175, Vn chow’s 
Arch f path Anat , 189G, cxlvi. Die Hefen als Krankheitserregei, Berlin, 1897 
Buschke Volkmann’s Samml klm Yortr (Chir ) 189S, No 218, Die Blastomv 
kose. Bibliotheca medica, Abt Dei mat Stuttgart, 1902 
10 Curtis Ann de lCnst Pasteur, 1896, x, 449 
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Case 3 —Montgomery and Walker 11 The patient, an unusually well-de- 
veloped. vigoious man, 33 yeais old, a caipcntcr, and lesidcut of Chicago, came 
under observation m August, 1894, for a cutaneous disoidei on Ins back This 
began seven yeais befoie as a pimple, oil the site of an infected sciatcli, and 
had de\ eloped to foim a large, irregular, elevated, veirueous patch, which, foi 
want of a bettei diagnosis, was considered a very unusual form of venueous 
tubeieulosis The man’s geneial health had been unaffected 

Two months later (October, 1S94) he piesented a sensitne point on the ulna 
lieai the elbow, the entile joint being veiy much swollen and red These symp- 
toms disappeaied in a few days A week latei he had a severe chill, followed by 
fire days of high temperatuie and gieat depiession accompanied by the appear- 
ance just below the left scapula, of two deep seated, globulai, dull-ied swellings, 
one-half inch and one inch m diameter They suggested the tumors sometimes 
seen m eijthema nodosum One lesion healed, leaving a pigmented aiea, the 
other giadually assumed the chaiacteristics of the oiigmal cutaneous lesion 

During the next six months the patient had seven or eight similar attacks, 
accompanied by the appeal ance of subcutaneous and cutaneous lesions on the 
back and face During this time his general health deteuorated greatly In 
Mai eh 1S95, he entered the county hospital No definite systemic disoider could 



Fig 12 — Sediment fiom tissue dismtegiated m 50 pei cent alcohol showing 
oiganisms m vanous stages of budding 

be detected at this time Some of the lesions were curetted and cauterized Two 
weeks later symptoms of pulmonary disease were recognized A few days before 
Ins death, forty-three days after the opeiation, a clinical diagnosis of acute, 
nnliary tubeieulosis was made 

At the autopsy the lungs, liver, spleen and kidneys were found to be studded 
with miliary bodies, and the diagnosis of miliary tuberculosis was accepted Five 
years later, however, histologic study of the infiltrated areas of the lungs showed 
the typical stiuctuie of the blastomycotic nodule, including large numbers of 
budding organisms Sections fiom the cutaneous lesions had shown the charac- 
teristic infiltration of cutaneous blastomycosis, with giant cells, miliary abscesses, 
epithelial hypertrophy and budding organisms 

Cultures were not made Several guinea-pigs inoculated at different times 
with tissue from the cutaneous lesions, and at the time of the autopsy with tissue 

11 Montgomery, F H Jour Cutan Dis , 1901, xix, 318 Walker and Mont- 
gomery Jour Am Med Assn , Apnl 5, 1902 
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fiom the deep seated oigans, dc\ eloped no tubci culosis Piolongcd seaich o\er 
several lnindied sections disclosed no tubci cle bacilli, except possibly foui 01 the 
which nioi pbologically and m staining qualities appealed to be identical with 
tubercle bacilli, but weic found in a small abscess opening on the suifacc of the 
skin, wlieie seeondaiy infection could easily have oecuiied 

Case 4 — Gilchrist 52 The patient was a negio, 28 jcais old, and acquncd 
the disease while sen mg a sentence in the penitential y In Juh, 1907, be noticed 
a pimple oi small boil on the abdomen and a month latei i. snnilai lesion 
appealed m the light loin Both gradual h incieised in c u/e and spiead to foim 
supeificial ulceis These weie not painful but nciei showed am tendency to lieal 
About foui yeais latei subcutaneous swellings appeared simultaneous!} m 
the light gioin and light bieast These weie painful, became swollen, and lup- 
tured in tliiee oi foui weeks discbaiging a tlim mucoid pus About two weeks 
later an egg sized, soft swelling appeared at the lowei end of the spine, and a 
small, soft swelling occui led in the axilla 

At tins time the patient was in appaienth good gencial health, aside fiom a 
systolic lieait muinnu and megulai tempeiatuic inlying fiom 99 to 1015 
Tlieie w'as some adcnopatln in the axillae and in the gioins Of the oiiginal 
ulceis, one, about 9 b} 10 cm, occupied the light half of the abdomen, and 
anothci, about 8 b\ 14 cm , extended fiom neai the light boidei of the fust oici 
the lumbai legion to the back Both showed the characteristic boideis with 
nnliaiy abscesses and otliei fcatuies of cutaneous blastoni} cosis The mail ieeo\- 
ered in about six weeks undci ticatment with lodid of potassium 

Pure cultuies of hlastoim cetes weie obtained fiom an unbioken abscess in 
the back and fiom otliei lesions None could be obtained fiom the blood A 
dog inoculated with pus fiom an unbioken abscess developed chaiactenstic nodules 
in the lungs 

Case 5 — Orhsby aad Miillr 13 The patient, aged 50, was a Swede, lesident 
of Chicago, and a machinist by occupation Foi seieial yeais he had lived o\ei 
a stable He was neiei lobust, and foi ten yeais had been latliei feeble In 
Apul, 1902, he caught cold winch settled m his chest, lie coughed consulei ably, 
had scanty expectoiation stieaked with blood, and became so weak lie w T as foiceu 
to stop woik 111 July and August he had lesions on the nose and thigh, which 
healed undei tieatment 

In Septembei he enteied the hospital, badly emaciated, complaining of a seieie 
and persistent pam m the back Physical examination disclosed no caidiac oi 
pulmonaiy disease, blood examination showed anemia, mine was uoiinal 

In October, when the case came uiulei the observation of Dis Hyde, Oiiusb} 
and Miller, subcutaneous nodules which softened, luptured and fonned ulceis, 
had appeared on the light aim and both legs Fiom this tune suecessne ciops 
of similai lesions appeared at slioit mteivals on difierent paits of the trunk, 
face and limbs, as many as ninetj -three being piesent at one time, while at 
death the entire suiface of the body was coveied with lesions m vaiymg stages 
of development and involution They appeared first as pea sized oi laigei 
nodules, set deep in the hypodeim, and could be detected only by palpation As 
they inci eased in size, approached the suiface, and softened, the coloi of the 
skin passed through vaiymg shades of daik red, blue, and even black The 
abscesses thus formed eventually ruptured, dischaiged, and fonned unliealtlij 

12 Gilchrist Brit Med Joui , 1902, n, 1321 

13 Ormsby, O S , and Miller, H M Systemic Blastomycosis, Jour, Cutan 
Dis , 1903, xxi, 121 Otis, F J , and Evans, Newton Morphology and Biology 
of the Paiasite from a Case of Systemic Blastomycosis, Jour Am Med Assn , 
1903, xli, 1074 This is a bactenologic lepoit on the case of Ormsby and Millei 
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looking uleeis of vanous sizes The luajonty of these uloeis had lough, n i eg' 
ulai edges, neeiotie lloois, soft bases, and a puiulent and hemonhagic disehaige, 
which often dned to foim heavy ci usts Only one of these uleeis assumed the 
eliaiacteiistics of cutaneous blastomycosis The patient’s geneial health dete- 
norated lapidly, his tempeiatiue langmg fiom 100 to 103, his pulse being rapid 
and feeble A month aftei enteung the hospital bionelnal bieathmg and otliei 
signs of pulmonaiy involvement ueie piesent and giadually giew moie pio 
nounced Tlieie was model ate geneial adenopathy and slight edema of the legs 
Towaid the end the patient became diowsy and at times comatose He died 
Decembei 4, about eight months aftei the beginning of Ins disease 

The autopsy showed chaiactenstic blastomyeotic nodules and extensile mill 
tiation m the lungs, which weie almost entnely destioyed, and m the spleen 
The kidneys, pancieas, laivnx and tiacliea showed the same type of lesions, but 



Fig 13 — Old cultuie showing laige lound bodies and short thick mycelium 
containing spoie-like bodies 


in small numbeis The histologic examination showed the structuie char- 
actenstic of blastomycosis, and the paiasites which weie piesent m im- 
mense numbers Poitions of the lung tissue seemed to have been almost wholly 
i eplaced by the paiasites Amyloid degeneiation was piesent m the kidneys A 
small, deep seated subcutaneous nodule showed on section piactically no chano-e 
m the overlying epideinus, with only slight changes in the couum pioper, con- 
sisting of i asculai dilatation, some penvasculai mfiltiation, edema, slight degen 
elation of the collagen, and in places a small amount of cell mfiltiation The 
mfiltiation was limited almost entnely to the subcutaneous tissue and occuired 
chiefly m the foim of fanly well-defined zones The chaiactenstic stiuetuie 
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consisted of a collection of the oiganisms, of leucocyte", especially poly moi phonu- 
cleai, and led blood cells, aiournl yylueli y\eic seen giant, cell 1 :, connoctnc tissue 
and plasma cells In places the component paits of the infilti ilion weie more 
01 less mtei mingled 

Pine cultures of the oiganisms y\eio obtained lejiratcdlv fiom cutaneous and 
subcutaneous lesions, and after the patient’s dcitli fiom the Inn, spleen and 
kidneys, and from beneath the plcma Inoculated guinea-pigs dcieloped local 
lesions, and one pig deieloped eh uactciistic nodules in the liier and spleen from 
which the oigamsm was lecoieied One of the phisicnns attending the autop^v 
was accidentally inoculated on his finger, on which tlicic appeared 1 vtci a lesion 
cliaiacteiistic of cutaneous blastomy eo-is 

Tuheieulosis as a complication was absoluteli excluded In the failure, after 
caieful seal ch to find tubcielc bacilli cither in the sputum oi m a in of the 
tissues of the patient, In the failure of the patient to icact to the tuberculin 
test, and by the fact that of the ten guinea pigs and two labbits inoculated with 
tissue from the p itient none dc\ eloped am symptoms of tuheieulosis 

Case 0 — Chari 14 0 he pitient, a man, aged 21, Italian, lesident of this 
countiy tluce yeais, entcied the countv hospital m Mav, 1903, gmng a liistoiy 
of a cold and dnuhea of scnei il months’ dmation ITc had a se\eie cough with 
mucopurulent expcctoiation hid lost twenlx -fine pounds and was extiemely weak 

Examination showed immediately abo%e the light stcrnoclay lcuhu articula 
tion, an opening to a sinus fiom which a small amount of pus escaped The 
physical signs weie suggestnc of diseise of the apex of the light lung but the 
lespnations weie liounal and no tubcielc bacilli could be demonstrated in the 
sputum The spleen was palpable, the feet and legs weie slightly edematous 
The urine showed constantly maikcd albuminuna with abundant hyaline and 
gianular casts Hie temperature remained subnounal the pulse input and weak, 
and the patient died nine days aftei entenng the hospital The clinical diagnosis 
was neplmtis 

The autopsy showed no cutaneous or subcutaneous lesions except the sinus in 
the neck, yyliich communicated with a small abscess Numeious pinhead to pea- 
sized gray oi yellow nodules with softened, usually neciotic, centers from yvliicli 
yydntish pus could be expiesscd, y\eie found abundantly' in the lungs, and m 
smaller numbcis and of sinallei «i/o m the kidneys, adieiiuls and Inei Micro 
scopic lesions y\eie found also in the imocoidium ind spleen Tlieie yvas a 
elnonie parenchymatous ncphutis, atiophy' of the lieait, fibrous obhteiatiy r e pleu- 
utis laryngitis, tiaclieitis and Dioncliitis The histologic structuie of the nodules 
y\as cliaiacteiistic of blastomycosis, including the piesence of budding organisms 
The spleen, kidney' and adrenal shoyved marked eaidence of amydoid disease The 
cause of death yyas eyidently a geneialized infection yy'itli blastomy T cosis and a 
lather extensile amydoid disease No cultures yveie taken 

Case 7 — Eisendrath and Ormsbi The patient, a Polish laborer, 33 years 
old, stated that his present disease began February, 1904, yyith a feeling of dis- 
comfoit m the right side of the chest About four months later cutaneous lesions 
appeared below the left ankle and gradually increased in size These yvere fol- 
lowed at short intervals by other lesions on the cheeks, foiearms, face, chin and 
neck In November lie deieloped great muscular weakness and marked swelling 
of the feet and ankles 

14 Cleary Medicine, November, 1904 

15 Eisendratb, D N , and Ormsby, 0 S Systemic Blastomycosis, Jour 
Am Med Assn , 1905, xlv, 1045 Le Count, E R , and Meyers J Systemic 
Blastomycosis, Jour Infect Dis , 1907, n, 187 Tins is an account of the termi- 
nation and postmortem findings m the case of Eisendrath and Ormsby 
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On admission to the hospital, in Febiuaiy, 1903, he was veiy much emaciated, 
anemic, and exceedingly weak, with model ate tempeiatuie, maiked edema of the 
face and extiemities, clubbed nails, some inguinal adenopathy, bionchial bi entil- 
ing, dullness ovei the light uppci lobe, absence of lung expansion, and otliei slight 
evidences of moie extensive involvement of the lungs The mine contained albu- 
min and casts, budding blastomycetes weie demonstiated m the sputum (the 
hist case m which the demonstiation v as made) , theie weie a nuuibei of subcu 
taneous nodules and supeifieial ulceis with but little mduiation and consideiable 
sanguinopm ulent dischaige The edges of the ulceis ueie slightly elevated and 
sunounded by a bluish-ied halo m which weie a few miliaiy abscesses Some of 
the lesions weie moie or less papillomatous After foui months of tieatment 
with potassium lodid internally, and with ladiotheiapy, antiseptic diessmgs, 
and suigieal mteifeience locally, the man nnpioved gieatly Aftei leaving the 
hospital and neglecting tieatment, he became woise and leturned to the hospital 
m Septembei with all symptoms exaggeiatcd and with a doisal spondylitis 
Fuitlier developments included ankylosis of both knees, which, with the left 



Fig 14 — Section of a cliaiacteiistic nodule fiom the diapliagm of a guinea- 
pig (Fiom Case 14 ) 

elbou, weie enlaiged and tendei, but showed no redness oi elevation of tempeia- 
tuie, edema, model ate geneial adenopathy, a dianhea with mucopui ulent dis- 
charge, blood, and budding blastomycetes m the feces There was slight leuco- 
eytosis , tempeiature varied from noirnal to 103 The patient died m°a convul- 
sion August, 190G, two and one-half yeais after the beginning of the disorder 
The autopsy showed “Blastomyeotic broncliopheumonia , blastomycosis of 
ie penhronchial lymph nodes, of the pleura, the subpleuial, and letropliaryngeal 
issue, the livei, the kidneys, the colon, the spinal column (dorsal vertebne), 
the external spinal dura, the eeiebellum, the left elbow, both knee and ankle 
joints, and of the skin and subcutaneous tissues with ulcerations, fistula, and 
scars, fibrous mduiation at root of light lung, fibrous pleuntis, passive hyper- 
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enua of In ei and spleen, scions atiophv of adipose tissue, emaciation, adenoma 
of thjioid and accessoiy spleen” Clniaeteiislic lesions weie di«eoveied in the 
ceiebium aftei the lepoit of the case Mas published 

Histologic examination dcmonsli ited the t\pica] nodules of gianulomatom 
tissue with ncciotic centeis, giant tells, and budding oigani'uns in the lung 5 , 
peiibioncliial ]>niph glands, pleuia, and Kulnevs Le Count and Mevcis believe 
that in the ceiebellum thev found m aiea in which the oigani«nis multi- 
plied by eiulospoi ulation Thcv did not, howevei, denionsliate the liitcimediate 
stages of development between the supposed spoies and matin e oiganisms 

Bhastomv cetes weie dcmonstiatcd in the sputum and in pus, and weie obtained 
m puie cultuie fiom subcutaneous abscesses 

No tubeicle bacilli could be found m pus, sputum oi tissue and guinea-pigs 
inoculated with pus and tissue did not develop tubciculosis 

Case 8 — BASSor 10 The patient, a bov, aged 17, a native of Chicago, enteied 
the seivice of Hi Seim at the Piesbv toi inn Hospital Tulv 20 1004 Foni 
months pnoi to this dvte he slipped and fell, liijuiing the light shouldci, which 
became painful and swollen Foi some lime pi ev ions to this accident he had 
pain thiough the lumbn legion and a “gnawing sensation in the upper pait 
of the light lung lie had a cough, low fcvei night sweats and had lost tlmtv 
pounds m weight The mine was noimal Jnlv 20 fiom a laige abscess ovei 
the light scapul i an ounce of slightlv bloodv pus w is lemoved with a tiocai 
August 9, a laige abscess in the light lumbal legion was incised and a pint of 
pus evacuated Dunng the following two months a dailv use in tempeiatuic to 
100 and 101 was noted On Scptembei 1, a blood count showed 4, ISO, 000 eivtlno 
cytes, and 10,500 leucocytes On Noiembei 15, the patient left the hospital ini 
pioved, but was lcadnntted on Deccmei IS The abscesses had infilled, tenipeia 
tuie vaned fiom 102 to 103, niusea vomiting, and dianhea weie present at 
times Blood count m Januaiy showed maikcd anemia, hemoglobin 50 pei cent 
In May, the mine showed large quantities of albumin with casts Dining the 
last two months of the patients life dmnhea was constant The limbs became 
edematous and painful Tlieie was also considerable pain m the abdomen 
uregular fevei peisisted, and emaciation inci cased The patient died June 27, 
1905, appi oximately fifteen months aftei the appaient beginning of the disease 

The autopsy and histologic examination showed Chioinc subcutaneous 
blastomycotic abscesses m light scapulai legion and in loin, abscess and sinus 
walls made up of vasculai gianulation tissue neb in iiolymoiphonucleai leuco 
cytes, mast cells, and blastomycetes , blastomycotic canes of fouith and fifth 
lumbar veitebire, with bilateial psoas abscesses, disseminated blastomycotic 
bronchopneumonic foci m both lungs, aieas of necrosis with Langhans’ giant cells 
in the mediastinal glands, amyloid degeneiation of spleen, livei, adienals, retio 
peritoneal, mesentenc and mediastinal lymph nodes, kidneys and colon, bilateial 
fibrinous pleuntis, and mild serofibnnous peritonitis, cliionic parenchymatous 
nephntis, atiopliy of the lieai t, pulmonaiy edema, edema of feet and thighs, 
tigrolysis of ganglion cells of ceiebral coitex and vential horns of eoid (onlv 
cervical portions of latter examined) The stilang features weie the extensive 
amyloid degeneiation, and the large numbei of lesions containing oiganisms in 
the bones 

Blastomycetes weie found lepeatedly m pus fiom the various subcutaneous 
abscesses and m the sputum, but could not be demolish ated in the feces Cul 
tures were obtained, inoculated animals developed blastomycotic lesions Details 
were not given in the report Tubeicle bacilli could not be found in pus, 
sputum oi tissue, and inoculated guinea-pigs did not develop tubei culosis 

16 Bassoe Joui Infect Dis , 1906, m, 91 
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Case 9 — Irons and Graham 11 The patient, a Genii an, 47 yeais old, had 
woiked foi a mmibei ol yeais m a Chicago lumhei yaid In Mai eh, 1905, a small 
subcutaneous nodule appealed on the limei sin face of the light tlugh, mci eased 
to the size of a small hens egg, softened bioke, discharged a bloody pus, and 
slowly healed, leaving an inctuiated i eddish -hi own seal Otliei similai lesions 
appealed m lapid succession on the legs, laps, aims and face Latei, lesions 
appealed oiei the ankles, which became swollen, led and tendei, mteifeimg 
gieatly with walking Systemic symptoms weie limited to a slight fevei and to 
giadually mci easing weakness 

On Septembei 11, when admitted to the Piesbjtenan Hospital, he was weak 
and anemic, but examination detected no diseases of the tlioiax oi abdomen 
Scais, paitially healed ulceis subcutaneous nodes and abscesses weie piesent 
on the foiehead and limbs The supeificial lesions began as small, haid, sub- 
cutaneous nodes which giadually softened, bioke tliiough the skin, and discharged 
bloody pus m which weie a laige numbei of blastomyeetcs Othei abscesses w r eie 



Fig lo — Giant cell containing a budding oigamsm fiom the nodule shown m 
Fig 14 (Fi om Case 14 ) 

laigei and deeper, some of them being subpenosteal m oiigm Tlieie was a 
tendency m the deepei lesions to extensive dissection along the mteimusculai 
fascia Abscesses which had luptuied spontaneously foimed ulcers, having 
u i egulai gianulating floois and latliei lagged, slightly raised edges m winch 
an occasional miliaiy abscess could be seen, such as aie common m the lesions 
of cutaneous blastomycosis The ulcers weie sunounded by dull led or puiplisb 
zones and weie often coieied by diy, liaid ci usts Resulting sears weie usually 
slight m compai ison with the extent of the pieeedmg ulcers Abscesses which 
weie incised and e\ aeuated eaily healed without formation of the above desenbed 
ulcei =* Aftei a shoit penod of mjpimement the patient developed pain m the 

17 lions E E and Gialiam E A Generalized Blastomycosis, Joui Infect 
Dis 1906, m, CG6 
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chest, cough with mucopuiulcnt expectoration often sti caked -with blood, and 
physical signs indicating consolidation of the uppci poitions of both lungs 
The patient giew steadil} woakei, new lesions appealed o\ei the body, and 
towaid the end tlieio was niaikcd destruction of subcutaneous lissuc with con 
sequent undci mining of the skin, and at seicral points hone was completch 
denuded Tcmpeiatuic xaiied from nominl to 102 The patient had constant 
leueocytosis xaiying fiom 12,500 to 21,200 Tlic urine showed slight albunununa 
with occasional casts The patient died Jan IS, 1000, ten months aftei the 
appeal ance of the fust lesions 

Tne autopsy showed “Miliary blastomycosis of lungs and spleen, ulcerative 
blastomycosis of the upper lobe of the left lung, multiple subcutaneous abscesses 
and sinuses lmohing the face, scalp, vnd all the extmmtics, loti oesophageal 
abscess with erosion of the bodies of the scienlli conical to the fifth doisal 
aeitebra; (melusixc), and of the antenoi sm faces of the xeitical exticmitics ol 
the second to the fifth left nbs, eiosion of left parietal bone, deep sloughing 
ulcei of the light thigh, abscess of thnoid caililngc, subpleuial hemouhagc'* 
of light lung, bilatcial fibious pleuiitn, h\ pei plastic splenitis, Inpeipl.sia of 
mesentenc ljrnph glands, brown atiopln of the he.ut colloid goitei (all lobes), 
slight scleiosis of antenoi mitral leaflet and root of aoita, chronic gaslntis, 
localized fibious peritonitis, clijlous ascites (slight), slight atrophy of lnci, 
retention cysts of left kidney ” 

Histologic examination of lung tissue showed chaiactenstic nodules with 
neciotic centers containing oiganisms m large numbeis Seiial sections proied 
the disease to be a bionchopneumoma Two blastomjccles weic seen m a laigc 
blood vessel From the lclroesophagenl abscess giant cells containing blasto 
mycetes and other cells peculiai to this gianuloina were demonstiatcd The 
spleen showed areas of neciotic tissue with blastonn cetes but no giant cells 
Colloid changes w r eie present in the thjioid 

Cultures of the oiganism weic obtained fioin the subcutaneous abscesses, 
sputum and kidneys (though smcais and sections made fiom the kidney did not 
show the oiganism) No cultuies could be obtained fiom the blood oi fiom the 
urine General miliary blastomycosis w r as pioduced in one labbit bj inoculation 
of a pure culture At the autopsy the Sli cptococcus pyogenes was obtained ill 
pure culture fiom the ceiebrospmal fluid, livei, spleen and kidney, the Sicjyhylo 
coccus ■pyogenes auieus was found m the In ci and spleen, and in pus fiom the 
retroesophageal and knee abscesses 

Tubeicle bacilli could not be found in the sputum, pus oi tissue, and guinea- 
pigs inoculated with pus and tissue did not deielop tubeiculosis 

Case 10 — Hektoen and Ciiuis tea sex 18 The patient was an low i faimei, 
aged 28 In November, 1904, he was attacked with an acute feiei lasting one 
week, during which he suffeied with headache, chills, and pains in the back and 
limbs At the end of the second week numeious spots and lumps appealed on 
the face, head, neck, hands, foieaims, limbs and back Some of these subsided, 
while otlieis enlarged and foimed indolent ulceis Seveial of these healed lead- 
ing atiophic scais In June, 1905, some of the lesions mcieased in size, and 
submaxillary, supraclavicular, and otliei abscesses foimed In Decembei, aftei 
a penod of improvement, all the lesions became much woise 

On admission to the hospital, Jan 10, 1900, theie weie in all sixty lesions 
of the skin and subcutaneous tissues Theie urns loss of weight and some pul- 
monaiy symptoms The patient left the hospital Apul 6, somewdiat impioveci 
We are informed by Dr Hektoen that on the patient’s leturmng home new lesion^ 

18 Christensen, C , and Hektoen, L Generalized Blastomycosis, Joui Am 
Med Assn, 1906, xhn, 247 (Two cases ) 
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continued to appeal and that the patient died tluce oi foui months latei of a 
sudden paialysis Tlieie was no autopsy 

Blastomycetes weie obtained m puie cultuie fiom the abscesses and w r eie 
demonsti ated m sections taken fiom the ulceis Ffeithei blastomycetes nor 
tubeicle bacilli could be demonsti ated m the mine 01 sputum 

Ga.se 11 — Hektoek axd Christensen Reeoided with Case 10 The patient 
was a Noiwegian faimei, 58 yeais old, lmng in Iowa Tlieie w 7 as a marked tubei - 
eulous histoiy m the family The patient had been a dipsomaniac foi many yeais, 
but always healthy In Jammy, 1905, he w 7 as taken with an acute illness and tlnee 
weeks latei a laige abscess foimed m the left lumbodorsal legion Latei theie was 
anothei attack with chills and geneial debility, followed in a shoit time by 
swelling under the skin on the left foieaim In May, red spots, 2 cm m diametei 
and suggesting nngwonn appealed ovei the light thigh and foiearm These 
mew to form elevated, granulated aieas, became ciusted, and had an offensive 
odor Some of the ulcers paitially healed, but soon foimed again In Octobei 



Fig 16 — Section fiom testicle of a guinea-pig showung ehai aetei istie abscesses 
and giant cells (From Case 14 ) 

painful abscesses appealed on the light aim above the elbow 7 and on the left 
foieaim Tlieie was no adenopathy Theie was slight tempeiatuie with bion- 
clual rales We aie informed by Di Ilektoen that death occuned m the eailj 
pait of 1907 

Histologic examination of the ulceis showed the chaiactenstic structuie of 
blastomycosis and the oigamsms Blastomycetes weie demonstiated m pus and 
obtained m pure cultuie Eaily examination of the sputum was negative, but 
latei it was found to contain tubeicle bacilli but no blastomycetes 

Case 12 — Golev and Tracey 10 The patient a Hew 7 Yoik policeman 27 
veais old, cut Ins left foot on a clam shell in August, 1906, pioduemg a slight 

19 Colev, W B, and Tiaey, H Case of Oidiomycosis, Jom Med Research, 
1907, xvi, 237 
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Mound, Minch healed leadilv The following Deeembei he lud soioie pain in 
the lumlni legion and a few da\s latei on the doisnm of the left foot, where 
a swelling appealed softened, and di^cbaiged lhiough a emus between the gieat 



Fig 17 — A blastomycotic abscess in the lowei end of the femur The light 
oi infected aiea has the appeal ance of an infaict (Couitesy of Di A M 
Stobei ) 

and second toes The skin ovei the swelling, though tense, w T as not red A 
week latei, snnilai lesions appealed on the doisum of the right foot and thigh 
Above the knee two small, papillomatous, crust covered tumois appeared m the 
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skin Manv otliei subcutaneous swellings, laiymg fiom the si/e of a hazel-nut 
to that of a small egg, appealed on a ai ious parts of the body, chiefly on the 
face, aims and thighs These tumois softened and disehaiged, foiming ulceis 
01 elevated, ciust-emeied, cutaneous lesions With the tumois appealed a cough, 
which peisisted and was accompanied bv emaciation and loss of sixty pounds 
m tin ee weeks The man made no nnpiovement undei tieatment with potassium 
rodid but continued to fail m gcneial health On Apnl S he had sixty-five tumois 
distrmuted ovei the Aanous paits of the body On April 25, many nioie had 
developed and the patient was failing so lapidly that it was thought lie could 
not lne moie than one oi tw r o weeks 

Histologic examinations showed gianulomatous tissue with giant cells, and 
double eontouied and budding oiganisms Blastomvcetes wane demonstiated in 
pus, sputum and tissue, and m the mucopuiulent diseliaige fiom tlie lectum 
Puie eultuies wei e obtained A mouse and dog wei e inoculated successfully- 0 
Case 13 — Herrick and Garidy - 1 The patient, a mauled woman, 24 yeais 
old, resident of Chicago, was m good health aside fiom eeitam neuiotic and 
hysteucal tendencies 

The piesent disoidei began Apul 24, 1904, with “spots like lmes and pains 
like lheumatism' 1 ovei the left gluteal legion Dunng the two yeais tlnough 
which the disoidei peisisted tlieie appealed seventy-mne diffeient lesions, vaiy- 
uig m size fiom 1 cm to S cm oi moie in diametei They began as slightly 
l eddish oi purplish spots accompanied at times with an mfiltiation below the 
slcm They giadually became laigei, tendei, and foimed abscesses wdueli would 
bieak tlnough the skm and discharge a thick, yellowish pus A few undenvent 
spontaneous lesolution without luptuie Evacuation of the pus left an indolent, 
gi anulatmg ulcei Extensne undei mining of the skin with bui i owing of pus 
occuned m places, especially o\ei the left gluteal legion, wdieie, fiom a laige 
abscess which appaiently had its oiigm in the pelus, a quait of pus w'as 
lemoied In some of the lesions bone w'as destioyed The scais w r eie compaia- 
tively slight and somewhat resembled those of syphilis The geneial health 
giadually became impaned aftei the fiist few w’eeks Tlieie W’as a slightly 
elevated tempeiatuie, leaching at times 103, togethei until lapid pulse, hemic 
miumur, cough, and at times e\ idences of slight consolidation of the light apex, 
occasional tiaees of albumin, loss of weight, low hemoglobin and increase m 
leucocytes The patient was neuiotic and hystencal, slept pooily, and complained 
greatly of pain at times She was tieated wuth laige doses of lodid of potassium, 
tomes, sedatives and antiseptic local dressings In Febiuaiy, 1906, she v r ent to 
California but slightly impioved She lned laigely out of doois and gained 
lapidly In August, 1906, the last soie disappeaied, and July, 1907, she was 
appaiently in peifect health 

20 Although the oiganisms in this case multipled m tissue and pus solely by 
budding and neiei by endogenous spore foimation, Coley and Tiaey class it wuth 
cases of coccidioidal granuloma because it v r as generalized, and make the state- 
ment (eudently taken fiom Ophuls and Blown) that only one case of blasto- 
mveosis had become geneialized At the date of then lepoit, ele\en cases (wuth 
se\en autopsies) of geneialized systemic blastomycosis had been published m 
which the clinical histones and the oiganisms desenbed conesponded closely 
with those of Ins ow r n ease 

21 Hemek James B Geneialized Blastomycosis, Join Am Med Assn, 
1907, xlix, 32S This is a pielnninary lepoit, a moie complete one is m 
piepaiation by Di AC Gaivey Di Hyde, to whom the patient was lefeired 
foi diagnosis and who saw liei aftei hei lemaikable lecoiery, has commented on 
the influence of climate on the disease, (Jour Cutan Dis , 1907, xxv, 34) 
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Blastomj cetes wcic lepeatedly demonsti alcd in pus fiom the subcutaneous 
lesions, from some of which Di Ormsliy obtained pure cultures 

Case 14 — -Montgomeutl :: Tlie patient was a locomotive engineer, aged 32, 
in fair general health In 1902 and 1903, "while running a locomotive through a 
swampy region m the south, lie had several attacks, fiom "winch he made a 
more or less complete lecoveiy, of "w hat was considered to he malaria From 
January to April, 1903, he Mas unable to woik, being weak and depressed, and 
suffered from pain m the chest which mtei fered "with Ins taking a deep breath 
He spent the summer m the noith and apparently recovered, returning to tin. 
south in September In No\ ember, a pea-si/ed lump appeared beneath the skm 

on the right cheek This increased slowly to the sire of a liarel nut, became 
sensitive and inflamed, and m about four weeks, bioke and discharged like a boil 
The lesultmg ulcei never healed hut slowly extended periplieially At irregular 
mteivals during the following eight months, lesions appeared on the lowei part 
of the cheek, on the light jaw, back of the right ear, and under the clnn These 
all began as small lumps fieely movable beneath the skm, and m fiom two to 
six weeks formed painful abscesses, which luptuied, foiming open ulceis, or 
masses of mfiltiation with fistulous tracts leading from them About two 
months after the appearance of the first abscess the patient had an attack of 
diopsy which lasted about ten days At this time theie was detected in the 
sigmoid region a pecuhai hard mass, for winch, during the succeeding three 
months, the patient leceived a number of injections of Alexander’s cancer serum 
Duiing this treatment lie lost rapidly in weight, but after its suspension largely 
recovered Ins general health 

On examination Aug 9, 1904, he presented the appeal anee of a man in fairly 
good general health except that lie was under weight, had slight emphysema 
around the borders of the lung, slight enlargement of tlie ceivical glands, and a 
peculiar firm mass, apparent^ due largely to musculai resistance, m the sigmoid 
aiea On the right cheek wcic two lricgularly oval ulcers which showed the 
characteristic elevated, sloping, dull red bordei containing miliaiy abscesses, a 
soft, pus mfiltiatcd base, and a papillomatous surface Two pea-sized nodules 
near the border of the larger ulcer were due evidently to inoculation of the 
slim from secretion from the ulcei A similar ulcer was located back of the 
light ear Smaller ulcers with fistulous tracts leading to deep seated masses of 
infiltration were located under the light jaw and under the clnn 

Tlie patient was given tonics and laige doses of potassium lodid, and the 
cutaneous lesions weie treated with antiseptics and cv rays Undei this treat- 
ment the man made some improvement but the disease was nevei completely 
arrested In January, 1905, lie became weak, emaciated, and cachectic, with 
lriegular temperature and night sweats A general examination by Dr Joseph 
Capps disclosed slight dullness of the apex of the light lung, some enlargement 
of the spleen, and a leucoeytosis of 20,400 Tlie hard mass m the sigmoid area 
persisted, there weie subcutaneous nodules near the symphysis pubis, and bands 
of infiltrated tissue along Poupart’s ligament, most marked m the left side 
Tlie thighs could not be fully extended 

In January, new subcutaneous swellings appeared m the neck, breast, groin, 
foot and elbow The larger joints were painful but showed no evidence of inflam- 
mation The patient had an n regular temperature varying from 100 to 102 
He developed no new pulmonary or other symptoms, but gradually became weaker 
and died Aug 29, 1905 

22 Montgomery Jour Cutan Dis , 1907, xxv, 393 This case was demon- 
strated before the Chicago Dermatological Society m Apnl, 1905, at which time 
but four other cases had been leported 
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The autopsy made by Dr Peter Bassoe, showed multiple subcutaneous abscesses 
with formation of fistulous tracts, a large psoas abscess extending into the 
tlngh and connecting through a fistula with an ulcer m the left groin, localized 
adhesive peritonitis (chiefly periappendicitis and perihepatitis) , and chronic 
eeivical and inguinal lymphadenitis Only opening of the abdominal cavity was 
permitted 

Histologic examination showed the characteristic blastomycotic structuie, 
with organisms, m the lungs, spleen, appendix and inguinal lymph glands 
Pure cultures were readily and repeatedly obtained from different abscesses 
Neaily every tube inoculated with pus from an unbroken abscess produced a 
pure culture of blastomycetes, yet smears of pus from thes^ same abscesses showed 
very few of the organisms of the usual sizes and forms The oiganism was 
unusually pathogenic for guinea-pigs, injection of a pure cultuie into the abdom- 
inal cavity being m each instance followed by extensive systemic infection with 
the formation of characteristic nodules in many of the organs Prom these 
oigans the parasite was obtained readily in pure cultuie, but was found in 
exceedingly small numbers, m the usual forms, either m smears or m sections 
The number of organisms thus demonstiable seemed to be wholly insufficient to 
account for the leadmess with which cultures were obtained, 01 foi the unusual 
pathogenicity of the organism for guinea-pigs Pus from the abscesses and sec- 
tions of tissue, both from the patient and from inoculated guinea-pigs, however, 
showed large numbers and masses of round cells, each about the size of a red 
blood corpuscle, which bore a strong resemblance to small blastomycetes, though 
the double-contoured capsule and other definite structure were not demonstrable 
The large number of these cells, their grouping, and their uniform size suggested 
multiplication by spoiulation, but no relation between them and the larger 
budding forms could be determined, noi could laige bodies containing spoies be 
found The unusual activity and virulence of this organism could be readily 
explained by the supposition that in this case the parasite existed abundantly 
in pus and tissue m small form (the result probably of sporulation ) , with occa- 
sional larger and budding bodies 

Case 15 — Ormsby (previously unreported case) The patient was an 
Indiana farmer, aged 38 In January, 1902, he had suppurative tonsil- 
litis lasting thirty-six days and terminating m pneumonia, which con- 
fined him to his bed for seven weeks, following which he had cough 

with moderate expectoration Beginning April 25, he was confined to the 
house eight weeks with a painful swelling m the left knee joint An- 
other swelling which appeared above and behind the knee was opened and 

pus removed Small crusted lesions, which, when opened, gave exit to dark 
bloody pus, formed on the dorsum of the foot, the right lnp, the back of the 
light hand, and the face At the time of his examination, July 31, 1903, the 
patient was pale, anemic, had lost much weight, and was very feeble There were 
a number of cutaneous and subcutaneous lesions distributed over the body beside 
those described above The cutaneous lesions all began as deep seated swellings 
which gradually increased in size, softened, and discharged pus After several 
months’ tieatment with potassium lodid, and radiotherapy, the patient showed 
some improvement and returned to his home m Indiana The last repoit received 
fiom the patient’s family physician was m May, 1904, twenty-five months after 
the beginning of lus disorder, at which time the man was not expected to live 
more than a few weeks 

A slightly unusual feature m this case is the fact that practically all the 
cutaneous lesions, instead of, as m most instances, only a few of them, sooner 
or later assumed the characteristic features of cutaneous blastomycosis 

Blastomycetes v\ere demonstiated m the pus and secured m pure culture 
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10 — T no's s 11 E (puMouslv unicpoilod cusp) The patient, a man, 
20 yen- old enlcied tin Pio-ln tci mi llospitil, Xov S l'lOl '1 lie pi < ceding 
Januaiv pains appealed m llic left aim uul shoulder and <-oon aftei m the 
light leg A small aiea of tenderness developed two mein s 1« low the knee 
Tlieie was no ledness oi tninefmlum it first, but in n month swelling appeared 
and gradually extended until it oceupied the entire popliteal legion at the time 
the patient enteied the hospital Then vveie aHo small swellings on the back 
and in the light lnmbai legion, and i large one, two indies in dmimter, in the 
left intei se.vpulai space Tlieie was no disc oloiat ion or pun connected with the 
lesions 

On the patients admission to the hospital, plivicnl examination di B do«-cd 
nothing fm thci than i few signs suggestive of pulmonary disease theie w i? 
no cough oi pxpeitoiation and Hip patient’s geneial lieiltli was onlv sliglith 
impaiied Ihe abscess in the popliteal legion ruptuied and discharged a pint 
of bloodv pus On enlaiging the opening and curetting the ibs ( o««, n sinus was 
diseoveied which extended upvvaid between the muscles of the thigh and appeared 
to connect with in abscess neai the pelvis Blood count vv is 1 992 000 red cells, 
0,300 lcucoevtes 73 pel cent hemoglobin Tempeiatuie vanecl fiom 00 to 100 
Aftei one months tieatment with potassium iodic! and tomes niternalh, the 
patient left the hospital unnnpioved mcl died a few months latei Xo autopsv 
was held 

Blastomy eetes vveie demonstrated m the pus from the abscess, and the oigan 
ism was grown in pme cultmc 

Cvse 17 — 1I\di, ami Montoomi uv (previously uniepoitcd ease) The patient 
was a machinist, 24 vears old, a icsidcnl of Clncago In 1S00 the gieat toe o. 
Ins left foot was amputated for what was supposed to be tuberculosis Three 
Xveeks latei severe pain appealed in the lup and pcisislcd for tlnee months 
Duiing this period a deep abscess formed in the middle of the thigh opened, 
and discliaigcd The patient also had bad pain m the light knee, followed In the 
foimation of an abscess undci the skin, which broke aftei two oi three months, 
leaving an ulcei which has never entirely healed During this penod of activitv 
of the disease lie had some fever, lost a great deal m weight, became weak, 
thinks Ins left lung was atlectcd, but does not remembei having bad cough oi 
expectoiation Aftei the fust few months Ins general health gradually impioved 
and the only lesion was the persistent ulcer on the outei suifacc of the light 
knee, wlncli aftei attaining the si/c of a dollar, remained stationaiy foi jears 

On examination, August, 1900, the outer surface of the knee showed a char- 
aetenstic area of cutaneous blastomycosis At tins time the man was pallid and 
slightly anemic, but showed no otlioi evidences of sjstcinic disease Foi eight 
months lie was kept moie or less constantly undci the influence of potassium 
lodid, and the cutaneous ulcei was treated with ®-iaj, coppei sulphate and othei 
antiseptics The patient’s geneial health improved and the local lesion neailj 
disappeaied In July, 1907, Ins general health had again decidedly and rapidlj 
detenoiated, and the knee had become very much swollen and piesented a fis- 
tulous opening from which pus escaped After a single visit to the clispensaiv 
he disappeaied fiom obsei vation, befoie a complete examination could be made 

Blastoniyeetcs weie demonstrated in smears and puie cultuies obtained fiom 
the cutaneous lesions and fiom pus in the fistulous tiact 

Case 18 — Oswald 23 (pieviously unreported case) The patient was a man 
vv ith a cougli and otliei evidences of a grave constitutional disordei , at the time 

23 This case was seen by one of us (Ormsby) at the Alexian Biothers’ Hos- 
pital, through the couitesy of Di Oswald and Dr Louis Schmidt The notes heie 
given are necessanly incomplete and it is hoped that at a fuluie date the ease 
will be recorded in full 
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of tins visit lie vas veiy mueli emaciated, and leiy neai death Theie vcie 
cutaneous and laige subcutaneous lesions on the face, chest, and othei paits of 
the body and seieial joints and a number of icitebue ueie afieetod On oui 
MSit that day the organism of blastomycosis was demonstrated in the sputum 
and in pus obtained from the knee joint, from a large subcutaneous abscess on the 
chest and from a cutaneous lesion on the face 

Slioitly aftei this the patient died, the autopsy being peifoimed by Di W A 
Eians We aie informed that blastomycotic lesions occuiied gcneially tlnough- 
out the body, and that the bodies of several vertebue iveie piactically destroyed, 
togethei with some of the spinal cord 

Puie cultuies were obtained by Dr Jerger, who also demonstrated the path- 
ogemeitj of the organism for guinea-pigs, and the absence of tubeieulosis in 
the case 

Case 19 — Krost, Moes and Stobeb =4 The patient, Polish laboiei, and lesident 
of United States foui yeais, entered the Cook County Hospital Apul 8 1907 
The piesent disoidei began four months before, as a seveie cold vith cough and 
expectoration, folloved shoitly by pain m the back A month latei a suellmg 
appealed on the dorsal legion at the left of the median line Cough and expec- 
toiation mcieased, the appetite was pool, the patient lost in v eight and at 
the end of six weeks geneial weakness prevented Ins continuing at v oik Tvo 
months aftei the beginning, a painful swelling developed on the doisum of the 
left hand and foot, and over the left eleventh rib, a vaity giovtli appealed at 
the right ala of the nose, followed by enlargement of both submaxillaiy glands 

Examination on admission revealed, m addition to the abo\ e findings, 
anemia, dulness over the left lower lobe, bronchophony v ith i files, a little 
enlaigement of the heart, inguinal adenopathy, and slight tempeiatuie Theie 
veie small papillomatous growths on the forehead and light foieanu Blasto- 
mycetes weie demonstiated m pus from the subcutaneous swellings, m the 
sputum, and m the urine, winch showed also a few casts and leucocytes (The 
autopsy showed that the organisms m the urine came from the piostate gland ) 
Seveial blood counts shoved leucocytes from 14,200 to 29,800, yitli hemoglobin 
about 70 per cent The patient steadily lost strength, pain mcieased, sputum 
became moie abundant, mucopurulent, and at times bloody, theie was profuse 
sweating, and new abscesses appeared on diifeient poitions of the body The 
patient died June 14, 1907 

Autopsy shoved miliary and nodular blastomycosis of the lungs, kidneys, 
spleen, ceiebium, pleura and lymph glands, uleeiative blastomycosis of the 
ceiebium, cerebellum, piostate, pleura and skin, multiple abscesses of the osseous, 
musculai and subcutaneous tissues, paienehymatous neplnitis, fatty changes, 
adenoma, and angioma of the liver; adenoma of the thyroid, geneial lymphatic 
hypeiplasia, sliaven-beard appearance of Peyei s patches, atrophy of the testicles, 
fibious pleuntis Some of the subcutaneous abscesses weie six inches m diametei, 
and extended deep into the muscular tissue There weie abscesses limited to 
bony structuies, othei s burrowed into surrounding soft stiuctuies Eiosions 
and more deeply seated destructive changes occuned m the bones of the hand 
and the feet, the sternum, ribs and vertebral The piesence of laige numbers of 
mvelocites m the blood led Drs Krost, Moes and Stobei to the belief that the 
medulla of other bones was probably invaded The deep eemeal and inguinal 
glands were much enlarged, the superficial cervical, submaxillary, and axillary 
glands were slightly larger than normal 

A histologic examination of the affected areas m the bones, joints and internal 
organs, including the ceiebrum, cerebellum and piostate gland, demonstiated the 


24 Krost K A , Moes M J , and Stober, A M Systemic Blastomvcosis, 
Joui Am Med Assn , 190S, 1, 1S4 
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presence of blnslomi cclcs, iogellioi with tlie granulomatous structure usually seen 
m blastoim eosis 

Pme cultures of the organism were obtained dui nig tlie patient’s life from 
the blood, various abscesses, and cutaneous lesions, and postmortem from the 
knee joint, spleen, and pleuia, and a mixed eultuic from the prostate Xo tubercle 
bacilli could be found in the sputum, pus, 01 tissue 

Case 20 — Ciiurciiili, ami feTonru *- The patient, a Polish lahoier, 30 years 
old, cmplojeil for the past four venrs m «ei libbing and dusting Pullman cars, 
entered the Cook County Hospital, Mn\ 11, 1007 For three months lie had 
suffered pain in the right side of the he id and face, most niaikcd o\er the malar 
prominence Later, pain nggiaiated h\ mo\ement appealed in the right hip 
and knee, aboie the shoulders, and in the left wnst Tlie knee and wrist became 
very much svollcn and excccdingh lender Fiom the begining he had a moderate 
cough with occasional bloodstained sputum There was mnikcd loss of \ision 
in the right eye 

Examination showed tlie patient to be maikedly emaciated tv cuts pounds 
undei his average weight. Ins temperature 101 with plnsicml signs of beginning 
consolidation of the right upper lobe Tlie right hip, knee, and stcrnoclaiiculnr 
joints were swollen, red, and painful Cher the knee there was fluctuation Tilt 
right gieat toe contained an abscess, which discharged thick, bloodstained pus 
Scatteied oiei the body wcie muncrous pustular lesions and fourteen subcutnne 
ous abscesses (one under the scalp) iar\ing in si/c fiom one to fh e centimeters 
m diameter The conjunction of the right eye was red and edematous The 
patient was gnen potassium lodul, but appaiently without effect lie had an 
meguloi temperatuie with piofu=e sweats, pulse and lcspiralion weie lapid 
The abscesses slowly cnlaigcd, and the patient died of gradual exhaustion, 
June 20, 1907 

Autopsy showed serofibnnous pleuntis, pencaiditis, puiulent bronchitis, 
parenchymatous dcgenciation of the kidneys and liver, fibioul induration of the 
lungs, fibroid pleuritis, miliary blastomycotic nodules of the lungs, pleura, 
kidnejs, spleen, penbionclnal lymph glands, multiple blastomycotic abscesses 
of the lung, prostate, and the osseous, muscular, and subcutaneous tissues, mul- 
tiple blastomycotic ulcers of the skin, blastomycosis of the light eye 

Pure cultuies of blastomycetes were recovered from the vitreous humor of the 
eye by aspiration Blastomycetes were also recovered from the pericardial fluid, 
pleural fluid, and various abscesses, including the prostatic abscess, stieploeocci 
were recovered from the heart blood Blood cultures, as well as examination ot 
the sputum and urine, showed neither blastomycetes nor tubercle bacilli 

Case 21 — Lewison and Jackson :3 Tlie patient, an Italian boy, aged 17, 
an organ grinder and machine shop lielpei, entered the Cook County Hospital 
May 20, 1907 Five months before this an abscess appealed in the middle of the 
right thigh, ruptured in two weeks, and discharged a thick, dark-browm pus 
The resulting ulcer soon became covered with a heavy crust Two months later 
the right knee joint became the seat of pain, limitation of motion, and latei, 
of swelling The following month the left knee became similarly involved, and 
subsequently the left ankle, both elbows, left wrist, and the first metacarpo- 
phalangeal joint of the left hand One month after the first joint symptoms, 
subcutaneous abscesses and crust covered ulcers began to appeal on tlie face 
and scalp 

25 To be reported m the Cook County Hospital Reports We are indebted to 
Dr Stobei for notes of Cases 20, 21 and 22 
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On examination, tlie patient was found to be anemic, pooily developed, and 
suffering with great pain and stiffness m the joints Slight changes fiom 
1101 mal were detected m the physical examination of the lungs The urine was 
practically negative The blood, examination showed leucocytes 9,600, cultures 
negative The temperature varied from 101 to 103 6, respirations and pulse 
-ft ere both lapid With tonic treatment and potassium lodid great improvement 
oeeuned, and the patient was discharged July 8, but was readmitted m ten day-., 
with a sharp recurrence of all symptoms Tins time better results were obtained 
with cupric sulphate used both locally and internally and on August 17 he was 
dischaiged a second time m fairly good condition, though he was not well and 
not free from cutaneous, subcutaneous, and joint lesions 

Blastomyeetes were demonstrated m the abscesses, also later m the sputum 
Tubeicle bacilli were not found 

Case 22 — Meyers and Stober 25 The patient, 20 yeais old, was a cleik in 
Chicago, but had been employed some months before as a laborer on a dredge m 
Arkansas and Iowa He was admitted to Cook County Hospital May 8, 1907, 
in the service of Dr Everson For four months he had been ill, suffenng with 
pain, shortness of bieatli, chills and fever, and occasional night sweats Foi 
a month he had pain m the right external malleolus, which was woise at night 
The leg had become swollen and tender He had some patches on the face which 
he had been told were lupus spots 

On examination the patient was seen to be poorly developed, anemic, and 
emaciated Theie were some evidences of consolidation of the lowei lobe of the 
lung The tempera tuie was normal, the urine examination negatne On the 
neck was a laige, soft, fluctuating mass A large number of reddish areas, look- 
ing as though they contained pus, and abscesses of varying sizes, were present 
on different paits of the body The right external malleolus was swollen, red, 
tender and painful Several joints were similarly involved but to less extent 
On opening and draining the swelling over the malleolus, neciotic bone was 
exposed The patient slept but little, complaining of pain, especially at night 
His tempeiatuie vaned, ranging as high as 102 6 

Blastomyeetes were demonstrated m pus from a number of unbroken abscesses 
and were obtained in puie cultuie 

SUMMARY — PROBABLE CASES 

Case 23 — Hyde and Montgomery 20 The patient was a male, aged 47, a 
lesident of Chicago and a sewer-builder At the time this case was reported, 
large aieas of cutaneous blastomycosis existed upon the arms and foiearms 
Under tieatment the aieas neaily disappeared, but returned on his neglecting 
tieatment, as he did for many months at a time About four yeais after the 
beginning of lus trouble he reappeared, after a long absence, with much more 
extensive and severe cutaneous lesions than ever before, and with fever, cough, 
anorexia, and marked geneial weakness, the symptoms pointing strongly to 
systemic infection with blastomycosis He disappeared from view and died soon 
after m the pooi house, where the nature of lus disease was not lecogmzed, and 
no autopsy was obtained 

Case 24— Hyde and Montgomery 2T The patient was a well-to-do woman, 
56 yeais of age, and a resident of Chicago In November, 1901, she experienced 
a severe mental shock Three weeks later a lesion appeared on the dorsal surface 

26 Hyde and Montgomery (repoited as a ease of cutaneous blastomycosis). 
Jour Cutan Dis , 1901, xix, 49 

27 Hyde and Montgomeiy Cutaneous Blastomycosis, Jour Am Med Assn , 
1902, xxx\ mi, 14S6 
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of the loft hand and within fwn nook's ollioi lo-ions appealed on 1 he loft cheek, 
left heel, light log light big tor* light foot *1)1(1 left .mn Sonic of these began 
as “pimples,’ othois ns small nodules deep in the skin At the same time sub 
cutaneous nodes a unng fiom the m/o of a bom to that of a walnut appeared 
o\ei difleicnt poitions of the hi oast thoia\ and loft thigh 'J hose subcutaneous 
swellings became slighlh icd on the smfaee and ion scii'-itiae to the touch bus 
giadunlh underwent l evolution without iIimu-s foimition In .Tamum, lesions 
appealed on the upper lip and on the light index fingei 

•The cutaneous lesions wok chainctnistic chniealh and lustologiealh of 
cutaneous blastonncosis r J ho oiganisins woio demonstiated and lorovoied m 
cultuics horn the lesions Loige doses of potis-aum jodid and the r r.n were 
employed and the patient mule a complete mown Looking at this rase in the 
light of lecent expenence it is liiglih piobable that the multiple, somewhat w id eh 
disseminated subcutaneous nodes weie blast oim critic in ougm 

Case 2a — Ihra AM) Moaixiomi u\ (pie\ioush uni opoi ted easel 'J lie patient 
was a successful business man of unusunlh lobust appeal ance "iS acai-> old and 
a lesulent of Illinois In Ortobei 1901, he < night a cold arcompamed In head- 
ache, cough some expecloiation, soienes? m the chest and geneial weakness 
On Xoaembei 17 he went to lied and called a physician fm the fust time The 
symptoms suggested a possible pneumonia Ten das ifter going to bed, the 
pam in Ins ciiest became more marked mil an abscess fonned which on Decem- 
bei 4 opened just below the uppci boiclei of the sternum and duehaiged i large 
quantita of pus The patient slowh lecoaeicd Ins health being confined to 
the house two months On examination Tan *10, 1005 theie was found a small 
fistula one inch m length lung across the sternum, and chaiacteiistie lesions of 
cutaneous blastoim cosis on the light cheek and on the doisum of the light hand 
These appealed at fust as lumps beneath the skin a few weeks aftei lie began to 
feel bad The patient stated tint he felt fanh well but was twenty pounds 
undei weight Examination of the chest bv Di Joseph Capps disclosed signs of 
model ate infiltiation of the apex of the right lung 

His physician icpoitcd the patients complete irtoacry aftei two and one hall 
months of treatment with potassium lodicl and ladiolheiapj 

Blastomycetes weie demonstrated m smeais and obtnined in pine cultuics 
fiom the miliaiy abscesses in the bordeis of the cutaneous lesions 

The symptoms and comse of the illness, the lecoaeiy unrlei tieatment with 
the lodid of potassium, and the subcutaneous ougm of the cutaneous lesions, all 
indicate stionglj a case of systemic blnstomj cosis fiom which the patient made 
a full lecoaeij 

Case 26 — Alblus - s The patient was a Wisconsin fanner, 04 yea is of age, a 
Scandinavian by birth In July, 1906, he began to suflei fiom pain m the 
chest and abdomen, sore tin oat, cough, dasuna, anoiexia and loss of stiength 
He was emaciated. Ins pulse w*as weak and irregulai, but bis tempeiature was 
noimal, and physical findings lelative to the lungs were negatne The skill 
lesions are described as laised, liyperenuc spots, or pimples, somewhat laigei than 
an oidmaiy pimple, scattered ovei the body 

Specimen of bloody, tenacious sputum sent to the laboiatoiy foi examination 
contained no tubercle bacilli, but many blastomycetes The oiganism was 
obtained fiom the sputum m almost puie culture 

The subsequent history of the patient was not obtainable 

Case 27 — Eastman and Keene The patient was a woman who stated that 
she had suffered for six v*eeks with what she tenned “boils” The first one 


28 Albers Tr Chicago Path Soc , March 1, 1907 

29 Eastman and Keene Ann Surg, Xoyembei, 1904 
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appealed as a small, liaid lump about the size of a pea on the hack of hei left 
hand It giew to the size of a small pigeon-egg and then giadually disappeaiecl 
It was accompanied by no sensations, 1101 was theie any diseoloiation of the 
skin few days aftei this had disappeaied the patient noticed beneath the 
skm neai the elbow a liaid, globulai body, about one and one-half inches m 
diametei This at fhst was similai to the giowtli on the back of the hand 
It, howevei, giadually mci eased in size until she opened it with a needle, when 
a thin, giayish, wateiy substance escaped Budding blastomycetes weie found 
m the discliaige, which had peisisted up to the time of liei examination In the 
axilla w as a similar lesion, the size of a hen's egg which latei bioke down and 
discharged 

The patient was the mothei of a gill whom Di« Eastman and Keene had been 
treating foi a wound that was the seat of a mixed infection with Bacillus 
pyocyaneus and blastomycetes 

The mothei stated that liei son, 19 yeais old, had at the same time a similai 
lesion on lus lnp A small kernel appealed beneath the skill, giew to the siz n 
of a hen’s-egg, broke, and was discliaignig Eastman and Keene conclude tliai 
theie w T eie tlnee menibeis m one family infected with blastomj cetes 

( Unfoi tunately, the natuie of the lesions on the boys lnp was undetei mined, 
and the possibility m the mothei ’s case of secondaiy infection wutli a yeast fungus 
of an oidmaiy open and discliaigmg uleei can not be eliminated ) 

100 State Stieet 



BLOOD PRESSURE IX ONE HUNDRED CASES OF TUBER- 
CULOSIS AT HIGH ALTITUDE 

LEROY S RETERS, ME 
SILM R cm, X M 

In lecent yeais much lias been unllen concerning blood piessuie 
and its ldation to many pathologic conditions Its ldation to tubei- 
culosis has been discussed bj many wnteis, but m all the liteiatuie I 
have failed to see any xepoits fiom sanatoria situated at high altitudes 

Fiom the obsenations made heie m the New Mexico Cottage Sana- 
torium, at an altitude of 6,000 feet, ve aie led to believe that altitude 
has an impoitant influence on blood piessure As uill be shown m the 
couise of this aiticle, oui aveiage piessure is fai lnghei than that at 
lover elevations 01 at sea level, and this, too, as a lule, with cases m 
the fai advanced stages of the disease Ileie the majonty of oui cases 
fall into this class, for it is a fact that m the west, nowadays, ue see 
mostly advanced cases 01 those m whom the disease has made such 
inroads that a cure, accoidmg to the eastern standard of piognosis m 
tuberculosis, is difficult, if not impossible, of attainment Yet, con- 
tending with these disadvantages, we turn out, class for class, as many 
if not more, cures than the eastern and noithein sanatoria 

It is at least voithy of suggestion that oui lesults may be paitly 
due to the stimulating effect of the dry mountain an, which increases 
the blood pressure through the building up of the general circulation 
The results of blood-piessuie obseivations m oui cases, far fiom being 
indicative of tubeiculosis, would signify almost perfect health, m fact 
as a diagnostic sign blood pressuie plays a minor iole It is fai moie 
valuable as a prognostic indication 

The following observations weie made on a senes of 100 cases at 
the New Mexico Cottage Sanatorium at an elevation of 6,000 feet The 
pressuie v as taken with a Janeway sphygmomanometei with the cuff 
applied to the left arm above the elbow, the patient m a sitting postuie, 
the forearm flexed on a level with the heart The systolic pressure alone 
was recorded, since for all piactical purposes we feel that this is suf- 
ficient 

The observations were made between the hours of 9 and 10 m the 
morning Piessuies weie taken at different hours throughout the day 
but only a slight difference m the reading was to be noted 
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GENERAL TABLE 1 
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General Table 1 — Continued 
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40 BLOOD PRESSURE IX TUBERCULOSIS AT IIIG11 ALTITUDE 

We have taken into consideration pulse, hemoglobin, pievious infec- 
tions — such as gonoirhea, sjphihs, typhoid fever, pneumonia and diph- 
tliena — the use of alcohol, age, sex, tempeiatuie, heart lesions and kidney 
disease 

As will be noted m the table, we did not take into account veneieal 
infections m women, for m an institution of tins land the women w r ould 
eithei be innocent of such infection 01 would fail to give a conect lepoit 
Geneial Table 1 gives m outline the results of oui investigations 
A detailed stud} of the facts noted m the geneial columns shows 
some interesting lelations, which will now be grouped sepaiateh 


TULSE R ITE AND BLOOD PRESSURE 


Pur se 

Pressure 

Id 

SO 90 

01 

90 100 

9S 

100 110 

95 

110-120 

SS 

120 130 

90 

130 140 

S9 

140 150 

91 

150 anil o'\ er 


In the senes fiom S0-90 piessuie we had only one case, winch does 
not admit of any conclusion Howevei, the remainder of the lesults 
show that there is no i elation between the pulse late and blood piessuie 

HEMOGLOBIN AND BLOOD PRESSURE 

The estimation of hemoglobin was made with a von Tleischl instill- 
ment, the results lecoided m the peieentage of hemoglobin m 100 giams 
of blood 


Hemoglobin 

Pressure 

13 563 

SO- 90 

13 124 

90 100 

13 12 

100 110 

13 195 

110 120 

13 234 

120 130 

13 3 

130-140 

12 934 

140 150 

13 0S3 

150 and over 


That the hemoglobin averages practically normal for all pressuies 
may be seen at a glance At this altitude and m this climatic environ- 
ment anemia is relatively an insignificant factor m tuberculosis 

r 

PREVIOUS INFECTIONS AND BLOOD PRESSURE 


Gonorrhea 


No cases 

28 

Av pressure 

130 

No cases below 110 

5 

No cases 110 145 

16 

No cases over 145 

7 

Highest pressure 

172 

Lowest pressure 

96 



LEROY 8 PETERS 


47 


No cases 
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No cases over 145 
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Highest pressure 
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Lowest pressure 
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13 

No cases over 145 
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Highest pressure 


150 

Lowest pressure 


94 

No cases 

Pneumonia 

15 

Av piessuie 


131 

No cases below 110 


2 

No cases 110-145 


11 

No cases over 145 


2 

Highest piessure 


15S 

Lowest piessure 


100 

No eases 

Diphtheria 

7 

Av piessure 


130 

No cases below 110 


0 

No cases 110-145 


6 

No cases over 145 


1 

Highest pressure 


158 

Lowest pressuie 


110 


Here it is hard to di aw definite conclusions m the veneieal eases, foi 
ue usually find other factors entering to influence the piessure Judg- 
ing from the lesults as shown m the table, we are inclined to believe 
that piecedmg gonorrhea, syphilis, pneumonia, diphtheria and typhoid 
fevei do not tend to laise the blood pressure 


ALCOHOL AND BLOOD PRESSURE 


No cases 

3G 

Av pressui e 

127 

No cases below 110 

8 

No cases 110-145 

22 

No cases over 145 

G 

Highest pressuie 

172 

Lowest pressui e 

94 


This includes both moderate drinkers and those who have drunk to 
excess The average would hardly justify one in saying that drinking 
mci eased the pressure 
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AGL tXD BLOOD PRESSURE 


Age ] 5 25 


Xo cases 

21 

A\ pressuie 

120 

Xo cases below 110 

5 

Xo cases 110 143 

15 

Xo cases oiei 14 5 

1 

Highest piessure 

150 

Lowest pic«sinc 

90 

Age 25 40 

Xo cases 

57 

Ai pi essui c 

121 

Xo cases below 110 

10 

Xo cases 110 145 

41 

Xo cases o\ci 145 

6 

Highest pi essui o 

176 

Lowest pie=smc 

04 

Age 40 00 

Xo cases 

22 

Av piessure 

136 

Xo cases below 110 

o 

Xo cases 110 145 

14 

Xo eases o\ei 145 

(> 

Highest piessuie 

172 

Low est pi essui c 

10S 

Age GO ami Our 

Xo cases 

0 


Tins shows conclusively that, m oui patients, blood piessuie tends 
to increase m ith advancing age It is of intei est to compaie our lecoids 
with those of Tliayei foi nonnal and tubeiculous cases Oui lecoids m 
fai advanced cases compaie ven favoiabh iiitli Ins for noimal cases 


TIIATER’S 

CASES 


OUR CASES 

Age 

XomiAL 

T B CAsrs 

T B Cases 

10-20 

128 7 

100 33 

122 

20 30 

136 9 

101 

123 

30 40 

140 8 

94 

124 

40 50 

142 2 

105 5 

134 

50 60 

1 54 S 

105 

13S 

60 and oiei 

ISO 

114 

Xo cases 


SEX AND BLOOD PRESSURE 
5fALE 


Xo cases 79 

Av pi essui e 126 

Xo cases below 110 14 

Xo cases 110 145 53 

Xo cases over 145 12 

Highest pressuie 176 

Low est piessure 90 
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Female 


No eases 
Ay piessuie 
No cases below 110 
No cases 110-145 
No cases ovei 145 
Highest pressuie 
Lowest pressuie 


21 

124 

3 

17 

1 

15S 

104 


Although theie is but slight diffeience in the tito pleasures, yet the 
lesults eonespond to those obtained by other observers, that the piessure 
m the female is a little lowei than that m the male 


TEMPERATURE AND BLOOD PRESSURE 


Temperature Normal 

No cases 72 

Av pressure 124 

No cases below 110 0 

No cases 110-145 56 

No cases over 145 7 

Highest pressure 15S 

Lowest pressure ‘ 00 

Temperature 99-100 

No eases 22 

Av pressure 131 

No cases below 110 6 

No cases 110-145 11 

No eases ovei 145 5 

Highest pressure 176 

Lowest pressuie 94 

Temperature 100 101 

No cases 4 

Av pressure 124 

No cases below 110 1 

No cases 110-145 2 

No cases ovei 145 1 

Highest pressure 160 

Lowest pressure 108 

Temperature 101 aud Over 

No cases 2 

Av piessuie 108 

No cases below 110 1 

No cases 110-145 1 

No eases oiei 145 0 

Highest pressure 112 

Lowest piessure 104 


Oui cases mn foi the most pait a normal tempeiatuie, the pressuie 
also being about noimal The cases with high temperature are too fev r 
to ^ustifi an opinion Howevei, one is led to believe that the higher the 
tempeiatuie the lowei the blood piessure is apt to be 
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BLOOD PRESSURE IN TUBERCULOSIS AT HIGH ALTITUDE 


Hi: YET DISEASE AND BLOOD PRESSURE 

No cases 2 

A\ piessme 130 

The nnmbei of eases Mould not justify an opinion 


KIDNEY DISEASE \.ND BLOOD PRESSURE 


No cases 

37 

Av pressuie 

131 

No cases below 110 

8 

No cases 110 145 

20 

No cases o\cr 1 15 

') 

Highest piossuu 

176 

Lo\\o=t pio=suie 

100 


Although othoi obspnci' ‘com lo belitne tlmt the hpc of neplmtis 
which usual!} complicates tubeiculo^is, plais no pait in mcieaung pies- 
suie, orn results point to the fact that it does In oui eases in fanly 
good physical condition the piessuie nas ici} high the loueied aierage 
being due to a few cases m ulncli the toxemia u as ien maiked and m 
uhich the piesmie uas natuially lou 

DEGREE or INVOLVEMENT AND BLOOD PRESSURE 

In determining the degiee of involvement we ha\e followed Turbans 
classification and indicated the extent of the lesion b) the Roman numei- 
als I, II, III, corresponding loughly to incipient, modeiately advanced 
and fai adianced cases 

Imoiaement — r 

No cases 
Av pressure 
No cases below 110 
No cases 110 145 
No cases o\er 141 
Highest pressuie 
Low est pressuie 

Ini OLVE31ENT II 

No cases 
Av pi essure 
No cases below 110 
No cases 110 145 
No cases over 145 
Highest pressure 
Lowest pressure 

Involvesient — III 

No eases 
Av pressure 
No eases below 110 
No cases 110-145 
No cases oier 145 
Highest pressure 
Lovest pressure 


23 

128 

4 

15 

4 

158 

90 


26 

126 

3 
19 

4 
176 

96 


51 

124 

10 

36 

5 

172 

94 
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GENERAL TABLE 2 


Case 

B P on Ad- 
mission 

1 

m 

ft 

a p 
o tc 

!&£ 
ft ° 

Status on Ad- 
mission 

l 

106 

126 

III 

2 

101 

109 

III 

3 

102 

118 

II 

4 

112 

124 

III 

5 

100 

91 

II 

6 


9S 

III 

7 



III 

S 

10S 

116 

I 

9 

125 

142 

III 

10 

113 

116 

II 

11 

12S 

102 

I 

12 

121 


I 

13 

100 

106 

III 

14 

132 

126 

III 

15 

112 

100 

III 

16 

126 

134 

I 

17 


104 

I 

IS 

120 

130 

III 

19 

94 

90 

III 

20 

104 


I 

21 

104 

134 

II 

22 

112 


III 

23 



III 

24 

112 

124 

III 

25 

117 


I 

26 


132 

I 

27 

119 


III 

23 

135 

144 

III 

20 


110 

III 

SO 

US 

110 

II 

31 


150 

II 

S3 

134 

176 

II 

33 

UO 


III 

34 

134 


III 


Status on Dis- 
< haige 


Anested 

Improved 

Impioved 

Improved 

Progressive 

Progressive 

Apparently cured 
Arrested 
Arrested 
Unimproved 

Progressive 

Unimproved 

Progressive 

Anested 

Apparently cured 

Improved 

Arrested 

Arrested 

Arrested 

Arrested 

Apparently cured 

Ar rested 

Improved 

Improved 

Improved 

Unimproved 

Arrested 

Arrested 


o 

in 

c* 

O 

B P on Ad- 
mission 

1 

m 

p 
a p 

O ti 

r-H 

ft-a 

V 

« 

Status on Ad- 
mission 

51 

122 

140 

II 

52 

130 

142 

I 

53 

110 

126 

II 

54 

130 

130 

III 

55 

110 

100 

III 

56 

130 

12S 

III 

57 

164 

150 

III 

5S 

136 

144 

III 

59 

120 

120 

III 

60 

110 

130 

I 

61 

12S 

130 

II 

62 

110 

102 

II 

63 

110 

124 

III 

64 

9S 

140 

III 

65 

134 

140 

III 

66 

123 

134 

III 

67 


126 

III 

6S 

130 

14S 

III 

09 

150 

150 

1 

70 

106 

120 

III 

71 

88 

no 

II 

72 

119 

12S 

III 

73 

no 

128 

II 

74 


126 

III 

75 

no 

140 

I 

76 

106 

118 

III 

77 

134 

150 

II 

7S 

14S 

160 

II 

79 

US 

140 

II 

SO 

122 


III 

SI 

130 

134 

I 

S2 

144 

14S 

II 

S3 

146 

154 

III 

S4 


130 

- II 


Status on Dis- 
charge 


Apparently cuied 

Improved 

Apparently cuied 

Improved 

Progressive 

Improved 

Unimproved 

Arrested 

Improved 

Apparently cuied 

Improved 

Progressive 

Improved 

Improved 

Arrested 

Improved 

Improved 

Arrested 

Apparently cured 

Apparently cuied 

Improved 

Arrested 

Arrested 

Arrested 

Apparently cured 

Improved 

Improved 

Unimproved 

Improved 

Improved 

Arrested 

Improved 

Improved 
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Gexluvl Turn. 2 — Continued 


Case 

B P on Ad- 
mission 

11 P on Dis- 
charge 

Status on Ad- 
mission 

Status on Dis- 
charge 

Case 1 

1 

C 

a 

a. 

5 

gg 

c. 

Status on Ad- 
mission 

Status on Dis- 
charge 

S3 

ill 


" 

Ai tested 

S'. 

no 

120 

III 

Appat enth cured 

no 

8G 

120 

9 

Appaientlv cuml 

=0 

ss 

112 

I 

Arrested 

j7 

122 

13S 


Apparentlv tnied 

S7 

112 

112 

III 

Progressive 

13 

122 

12G 

ii 

Improved 

S3 

113 

120 

III 

Arrested 

.9 

122 


hi 

Improved 

SO 

102 

12G 

111 

Art ested 

■10 

111 

144 

i 

\i rested 

90 

103 

10S 

III 

Progressive 

41 

13S 



Arrested 

01 

111 

131 

III 

Art ested 

42 


124 

hi 

Improved 

02 

103 

121 

III 

Arrested 

43 



m 

Piogrcsslvo 

93 

10S 

123 

T 

Appaiontlv cured 

It 

no 


ii 

Unimproved 

91 


135 

I 

Arrested 

45 

10G 

ns 

ii 

Improved 

05 


122 

II 

Art ested 

40 

130 

172 

hi 

Attested 

03 

100 

11G 

III 

Improved 

47 

134 


i 

Arrested 

97 

103 

120 

III 

Improved 

43 

1G0 

15S 

ii 

Unimproved 

93 

12S 

13G 

II 

Improved 

49 

9G 

no 

ii 

Ypparentlv emed 

09 

130 

133 

I 

Arrested 

50 

112 

118 

i 

Imptoved 

100 

114 

110 

III 

Improved 


Although 50 pei cent of oui cases aie in the iai advanced stage oi 
the disease, yet we believe that we have enough cases m the other stages 
to wan ant an opinion The difference m piessuie m the three stages is 
so slight that u e believe the degiee of involvement and the blood pressure 
bear no relation to each othei However, that the blood piessuie tends to 
increase with improvement m the pulmonaiy condition is shown bv 
Geneial Table 2 In this table we have repoited the piessuie both on 
admission and on discliaige, and also have given the pulmonary status 
of the patient In cases where the stay was of too shoit duration to 
get a fair estimate of the piessuie we have omitted it altogether 
Fiom General Table 2 the following relations may be noted 


No 

cases 

Apparent Curis 

14 

Av 

pressme on 

admission 

114 

Av 

presstue on 

discliaige 

127 

Av 

increase 


13 
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Arrested 

No cases 

Av piessuie on admission 
A\ pressure on discharge 
Av increase 

Improved 

No eases 

Av piessure on admission 
Av piessure on dischaige 
Av mci ease 

Unimproved 

No cases 

Av piessuie on admission 
Av pressure on discharge 
Average increase 

Progressive 

No eases 

Av piessure on admission 
Av pressure on discharge 
Av decrease 


31 

119 

132 

13 


32 

115 

12S 

13 


139 

140 
1 


9 

108 

103 

5 


It is of interest to note that m all the cases showing impiovement 
the average increase m pressuie is 13 mm , while m the unimproved the 
piessure lemams piactically the same, and m the progressive shows a 
slight deciease 


HEMORRHAGE AND BLOOD PRESSURE 

A few cases of pulmonary hemonhage have lately been lepoited m 
which the blood pressuie was low, m fact, some observeis go so far 
as to state that it is uniformly low 

We have had two cases under our care, and m both the blood pres- 
suie uas low on admission — m one 90 and m the other 110 These cases 
weie in the incipient and fai advanced stages, respectively The man 
with the 90 pressure staited with a series of hemoirhages and continued 
to bleed at intervals for a penod of six weeks His pressure leached the 
150 mark on the day the bleeding began and never came down lower 
than 130, except on the administration of amyl nitrite, and then only 
temporarily The other went to 140 and stayed theie until a shoit time 
before death It might be well to say that the death was caused by 
gieat toxemia rathei than by the loss of blood, for at no time did the 
bleeding exceed two ounces of puie blood Of couise, wheie theie is 
gieat loss of blood the pressure would be necessarily low 

However, we can not diaw conclusions from these two cases, the 
numbei is too small 

If it ueie true that during hemonhage the blood pressure is higher, 
it would be mteiesting to determine why it is that, m a high altitude 
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Autli attending lngh blood piessuie, hemonliage should be a veiy infre- 
quent manifestation of tubeiculosis, as it ceitamly is with us One or 
two hemoi ill ages a ycai, m an institution with fiom fifty to <uxt\ 
patients, is about all we obseive, and this one could not call a high pei- 
centage of hemoi lhagic cases 

CONCLUSIONS 

Of couise 100 cases is too small a numbei on which to base ladical 
conclusions but it ceitamly seems to us that this meiease m blood pies- 
suie on coming into a high altitude may beai a dnect iclation to tlie 
possibility of the alleviation oi cuie of pulmonai} tuberculosis when 
tieated at high elevations 

It is geneially iccogni/ed that lieietofoie an anal} sis of climatic 
factors, m an efiort to explain then uses m the tieatment of pulmonai} 
tuberculosis has been quite unsatisf actor} Oui obseivation that blood 
piessuie is raised by a residence m high altitudes may serve to explam 
a portion of the uses of climate m the tieatment of tuberculosis 

It is usually conceded that a posienon knowledge of the value of 
climate, especially high climate, m tuberculosis is alieady available, 
and it seems to us that, if a fuithei investigation confirms oui findings, 
we are now m possession of some of the a pnon knowledge as well 

From our observations we draw the following conclusions 

1 Altitude has an important influence on blood piessuie The avei- 
age pressure is higher here than at low ei altitudes or at sea level 

2 There is little if any relation between blood piessure and pulse 
rate The same holds tiue for hemoglobin 

3 Gonorrhea, syphilis, pneumonia, diphtheiia and typhoid fever 
have no influence on blood piessuie 

4 Alcohol has no effect on blood pressure 

5 Blood pressure increases with advancing age 

6 The pressure m the female is a little lowei than that m the male 

7 Apparently the highei the tempeiatuie the lower the blood pres- 
suie 

S A complicating nephritis tends to increase blood pressuie 

9 The degree of involvement and the blood pressuie bear no neces- 
sary relation to each othei The pressure tends to increase as the 
pulmonary condition improves 

10 The blood pressure is mcieased m pulmonary hemorrhage 

11 The blood pressure m tubeiculosis is far more leliable as a pi og- 
nostic than as a diagnostic sign 



THE SERUM DIAGNOSIS OE SYPHILITIC DISEASES 

EDWARD E MAYER, A M , M D and FREDERICK PROESCHER, M D 

PITTSBUKG 

Every new laboratory method requires continuation Horn many work- 
ers before bemg accepted as an established aid to investigation The 
Wassermann syphilis reaction seems now to have reached a stage where 
it can be used as an actual laboratory aid m diagnosis, and, therefore, 
as it has been but sparingly commented on m American journals, a brief 
account of its significance will not come amiss 

To make this reaction plain to every physician we begin with the 
mam fact to be remembeied, namely that all such biologic experiments 
are physicochemical m their essential nature This does not imply, how- 
ever, that the technic is as easy as an ordinary chemical experiment In 
order that the reaction may be understood, moreovei, certain terms must 
be made cleai 

An antibody is the reaction product formed m the blood of an animal 
when a solution of some substance, toxic or otherwise, is injected into it 
This antibody geneially combines with the injected substance, called the 
antigen, to form a compound If these compounds aie insoluble it is 
called a piecipitm If the injected substance is a suspension of bacteria, 
and these bacteria aie dissolved by the antibody, bactenolysms are formed, 
if they are erythrocytes, hemolysins are fonned, causing hemolysis or a 
“lakrng” of the blood When we speak of an agglutinin we imply that 
the injected cells have been agglutinated and not dissolved 

In the complement tests we use as antigen or receptor a known sub- 
stance, add to it the fluid we are testing and some guinea-pig serum 
If the fluid to be tested is of like nature to the receptor we do not obtain 
hemolysis when this solution, properly prepared, is added to heated 
hemolytic rabbit serum and washed sheep’s corpuscles This is due to 
the fact that there has already been a binding of the complement, the 
antigen and the serum tested being homologous 

In 1901 Bordet and Gengou discovered that if emulsions of bacteria 
weie mixed with inactivated immune seium and a complement added, 
this complement bound itself with the bacteria, with the result that anj r 
red blood corpuscle filled with its hemolytic amboceptor would not dis- 
solve This result was due to the fact that on account of the previous 

*Read at the meeting of the Allegheny County Medical Society, June 16, 190S 
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binding of complements the emulsions of bnctcna weie no longei avail- 
able for the hemolytic amboceptoi Tlnee ycais lalei, m 1905, Heissei 
and Sachs u=?ed this method foi the detection of minute quantities of 
albumin 

Wasseimann and Biuelc, by suecessne steps, not only gaie a clinical 
tiend to these obsenations but succeeded m deteiminmg that extiacts 
iiom infected oigans could be u c ed as veil as solutions of bactenal 
extracts, a method which they fust employed ns an advance on Boidet 
and Gengou’s oiigmal bactenal suspension'? Them lesults led them, 
m conyunction with A Neissei, to discoid a seium diagnosis of philis 
— the Wasseimann si'plnlis reaction 

They showed that m the seium of s\philitic apes tlieic occuned a 
substance which was not piesent m noimal serum, and latei that when 
the blood serum of syphilitic individuals was added to extiacts fiom the 
livei of a syphilitic new r -born the complement w T as bound 

This leaction was continued by otheis, it being shown to be specific 
and almost invariably negative with seia fiom noimal peisons so that 
it could be looked on as being a leaction of amboceptoi -like reaction 
pioduets on substances which wane dnectlv connected with the ongraal 
luetic infection and w'hicli must be piesent m extiacts of syphilitic oigans 
used foi the complement tix'ation 

A number of later obseivations tended to show that it was not specific 
foi the antigens of the syphilitic leaction, and, theiefore foi the ambo- 
ceptoi natuie of the seium contents specific foi lues Mane and Leva- 
diti found that a similai leaction, though a wrnakei one, could be pro- 
duced w r ith extracts fiom normal livei Weil, Plaut, Biaun Volk, Pot7l, 
Michaelis and otheis showed that antigens for luetic seia weie found in 
non-luetic oigans Landstemer and Mullei discoveied independently 
that lipoid substances, especially lecithin, as well as livei extiacts, pio- 
duced this reaction Potzl, Sachs and Wtmann found that a sodium 
oleate solution also produced this leaction Beneclce utilized this discoveiy 
to explain the increased efficiency of fetal livers m the production of the 
leaction, as they contain many fat drops surrounded by an invisible soap 
membiane He believes this fact to be confirmatory of Michaelis’ opinion 
that Wasseimann’s reaction “does not reveal the presence of an antibody 
against the cause of syphilis 01 its poisons, but some othei substance 
which lias no direct connection wuth the cause of the syphilis, but which 
is found more abundantly in, or moie easily ex ti acted fiom, syphilitic 
organs than from normal ones ” 

Though Wassermann regaided this leaction at first as denoting the 
piesence of an antibody, neitliei lie noi his pupils, m then later conelu- 
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sions, xegai clecl it as being indicative of the action of an antibody m the 
sense of a lecuperative action (as m diplithena) That the lipoid ele- 
ment m this leaction does not negative its value is leadily appaient , on 
the conti aiy, it perhaps explains the lipoid degeneration m para- 
syplnlitic diseases The lesnlts m ovei 1,000 cases examined, m which 
the diagnostic value of the reaction was shown, surely inclines us to 
accept it as of value despite laboratory cnticisms concerning its actual 
scientific foundation, foi these results show that nonnal individuals 
nevei give the leaction, and about 80 pei cent of syphilitic cases do 
Wasseimann emphasizes especially the fact that it is a leaction only 
occunmg with syphilitic serum, no matter of what natuie the extiacts 
which are used m conjunction with it, and that it is as nnpoitant as the 
Widal leaction in typhoid fevei 

It is probable that this leaction is that of a body foimed m slight 
amounts m a healthy individual, which, however, defies detection until 
mcieased by syphilitic infection 

The alkalinity of the seium seems to have an influence m the reac- 
tion, it being prevented by 1/800 to 1/3200 sodium hydrate solution 
and mcieased by 1/1000 to 1/2000 hydrochloric acid solution (Sachs 
and Altmann) In this stiength these leagents have no action on hemo- 
lysis hTevei, however, did non-syphilitic serum become positive by the 
addition of hydrochloric acid solutions (lipoid action under lessened 
alkalinity) 

Oiu technic, which was according to Wassermann and Sachs and 
Altmann, was briefly as follows 4 to 5 c c of blood was obtained by vene- 
section, 0 5 to 1 c c of serum being enough for four to five tubes with 
deci easing quantities of antigen As antigen, we employed a fleshly 
piepaied 1 per cent solution of sodium oleate m 0 85 pei cent sodium 
chlond solution This substance, m itself hemolytic, is inhibited by 
blood seium m proper proportions (hTogucln and Liebeimann) , and 
as Sachs and Altmann have showed, it prevents the hemolytic action of 
the complement The anticomplement action of the blood seium plays 
no pait m these experiments, as the complement fixation occui s below the 
inhibition zone m question The difference between the inhibition of 
soap h enrol} sis by syphilitic and normal seium is slight, Sachs and Alt- 
mann found it so, and we can confirm their findings The best ambo- 
ceptor is the serum of a rabbit injected with calf’s blood and rendeied 
inactive by heating to 56 C , this is known to hemolyze sheep’s blood 
Thiee injections of 50 to 80 c c of calf’s blood mtiapentoneally suffice 
m fiom two to three weeks to furnish a sufficiently strong hemolvtic 
seium Two to two and one-lialf amboceptor units are sufficient It 
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is necessaiy to value accuiately the hemolytic amboceptois used The 
sheep s blood is washed several times with normal salt solution To acti- 
vate the amboceptor fiesh gumea-pig serum rs used The complement 
can be kept for about a week, if 1 per cent sodium chlond is added and 
then fio/en To cairy out the reaction 0 6, 0 5, 0 4, 0 3, 0 25, 0 2, 0 1 
c c of sodium oleate solution is employed (using tubes containing about 
10 c c ) and 1 c c of a 1 to 10 solution of gumea-pig seium and 1 c c of 
seium to be examined heated to 56 C This is allowed to stand foi one 
houi at 37 C to bind the complement, then 0 5 of amboceptoi thinned 
out to a 1 200 solution is added (2 to 3 amboceptoi units) and 1 c c of 
5 per cent sheep's blood (normal salt solution) Each tube is filled to 
5 c c with normal salt solution The tubes are then kept at 37 C m the 
thermostat and hemolysis observed for about two hours 

The inhibitory zone m our tests lay between 0 4 and 0 3 c c somewhat 
above the limits of Altmann and Sachs (0 25 c c ) It is necessaiy to 
use a control test each time to determine this zone, as the sodium oleate 
vanes somewhat m its dissolving power 

We give the lesults m a few of oui eases to show how reactions are 
tabulated 

IK Sodium Human Seium 1 10 Gumea-pig Rabbit ambo- 

oleate Inactivated at 4 - Serum -f- ceptor 

Solution 56 C foi 14 hr 1 10 0 5 


Hemolysis 


Solution 

Case 1 

Case 2 

Case 3 

Case 24 

Case 31 

06 

Complete 

Complete 

Complete 

Complete 

Complete 

0 5 

Complete 

Complete 

Complete 

Complete 

Complete 

04 

0 

0 

Complete 

0 

Complete 

0 3 

0 

Trace 

Complete 

0 

Complete 

0 25 

0 

Complete 

Complete 

0 

Almost 

02 

0 

Complete 

Complete 

0 

0 

0 1 

Trace 

Complete 

Complete 

0 

Complete 

00 

Complete 

Complete 

Complete 

Complete 

Complete 


Case 1 — F Paresis History of syphilis Reaction positive at 0 4 
Case 2 — B Paresis History obscure Reaction positive at 0 4 
Case 3 — T G Tertiary syphilis History negative Reaction negative 
Case 4 — G H Suspected sypluhs No symptoms Reaction positive 

Case 5 — T S Nocturnal epilepsy Arteriosclerosis Reaction negative 

Case 6 — Mrs G R Suspected syphilis No symptoms Husband syphilitic 
Reaction positive 

Case 7 — Secondary syphilis Under mercurial treatment Reaction negative 
Case S — J B Paresis Suspected syphilis Reaction positive 

Case 9 — J F Tabes dorsalis No history of syphilis Reaction positive 

Case 10 — D O Tuberculosis No history of syphilis Reaction negative 
Case 11 — J R R Paresis No history of syphilis Reaction positive 
Case 12 — J P Me Paresis History of syphilis Reaction positive 
Case 13 — E G S Paresis No history of syphilis Reaction negative 
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Case 14 14 M C Tabes doisalis Histoiy not known Reaction positive 

Case 15 — G H E Paiesis No previous Instory Reaction negative 
Case 16 — G- MeC Paiesis History of syplnlis Reaction positive 
Case 17— G J B Paresis No pievious history Reaction positive 

Case 18 T L Teitiary syphilis No tieatment Reaction positive 

Case 19 — G H Doubtful syphilis No symptoms Reaction negative 
Case 20 — W M Tuberculosis Reaction negative 

Case 21 — Tertiary syphilis nineteen years ago Chancre two months ago 
Reaction positive 

Case 22 — Secondary syphilis Not treated Reaction positive 

Case 23 — Tertiary syphilis Ulcers of nose and arm Reaction positive 

Case 24 — G Y Incipient paresis Reaction positive at 0 4 

Case 25 — T B Tertiary lues No symptoms Reaction positive 

Case 26 — G W Paresis Histoiy of syphilis Reaction positn e 

Case 27 — R B Paiesis History of syphilis Reaction positive 

Case 28 — R K Cerebral syphilis Reaction positive 

Case 29 — S T Chancre of penis Spirochetes found Reaction positive 

Case 30 — D M Syphilitic orchitis Syphilis m 1887 Reaction positive 

Case 31 — N M Pseudoleukemia Spirochsetse lymphatic® Reaction positive 

Onr work, did we not look on it as being merely confirmatory of tliat 
of otheis, would not be conclusive, on account of onr having used it 
with only thirty-one snspeeted syphilitic patients In addition to these 
thirty-one, many others were selected from the surgical wards of the 
Allegheny General Hospital as absolutely non-syphilitic patients, and 
all of these were negative Of the thirty-one cases, twelve were clin- 
lcallv diagnosed as paresis, and ten of these gave a positive reaction, two 
a negative Two cases of tabes gave a positive reaction Thirteen cases 
weie either positive or suspicious cases of lues and three of these were 
negative Thiee others were cases m which lues might have been m 
question, but all were negative The last case was one of pseudo- 
leukemia Thus 75 per cent of our cases gave a positive reaction An 
idea of the significance of the reaction is shown by the outlines of some 
of oui cases 

Case 6 — A suspicious case tliat was under mercurial treatment Husband 
bad bad syplnlis Reaction positive 

Case S — No oiganic signs of paresis Progressive mental symptoms Grandi- 
ose delusions with slight alteiation of the affective sphere History of syphilis 
Reaction positn e 

Case 21 — Siphilis nineteen years ago Chancre lecently Suspicion of new 
infection Reaction positive 

Case 24 — slight intellectual deterioration and paietic speech No organic 
changes Good history Reaction positive 

Case 2S — Consultants divided between cerebral syphilis and tuberculai men- 
ingitis Reaction positive 

Case ol — A well-marked case of pseudoleukemia which gai e a positive reac- 
tion 

Seven of these patients were fiom the Woodville County Home 



GO SERUM DIAGNOSIS OF SI MILLS 

through the kindness of Di Siode=, and one fiom St Fianeis Hospital 
through the kindness of Di Hexsmann 

The results obtained by those who hare examined laige numbeis of 
seia aie quite uniform, nainety, that about SO pei cent of syphilitic indi- 
viduals mespective of the type of syphilis, gne a positive leaction, and 
that the blood of patients who positively hare a non-sjqilnlitic disease 
invariably gnes a negative leaction Citron, foi instance, repoils on 
307 cases, 156 of these wcie non-syplulitie, and all of the lattei gave a 
negative reaction, 10S weie of diileient types of lues, of which 74 pei 
cent were positive, 43 cases weie of paiesis and tabes, of which 79 pei 
cent were positive Fleischmann repoits 192 cases, 160 of which, oi S4 
per cent, weie positive Blaschko lepoits his ca«es aecoidmg to the 
stage, and his positive lesults weie as follows 

90 per cent , initial stage 
98 per cent , first stage 

91 per cent late stage, without symptoms 
57 per cent , late stage, without symptoms 
GO per cent , cerebrospinal symptoms 

He endeavors to show by this that the leaction is most positive at the 
time that the sjphilis is most florid, and deci eases m its positiveness as 
the clinical evidence of the syphilis diminishes 

Although results differ somew r hat, diffeient obseivers agiee m ac- 
cepting the value of this reaction W'hen positive When the result is 
negative, howevei, it can not be accepted as indicating anything The 
fact that the results m tabes and paralytic dementia are so stukmgly 
positive — though these are ehionic diseases m which the etiologic factoi 
is one which has been present with the patient for years — mdicates veil 
strongly that yve must take these diseases fiom the category of meta- 
syphilitic and parasyphilitic diseases and group them positively as dis- 
eases of luetic origin, and more than this, diseases m which there is still 
an active agent at work 

We can believe this, and still subscribe to the doetime that 
this test is a leaction for all piotozoan diseases, foi there are no othei 
diseases of protozoan origin, as far as w r e know', that clinically might be 
confused with diseases which are of luetic origin It has recentlv been 
reported that this reaction is positive m scarlet fever, which would seem 
to indicate that this is a piotozoan disease 

Accepting, therefore, as w r e must, the reliability of the serum diag- 
nosis of syphilis when the result is positive, its incalculable value, prog- 
nosticate considered, can readily be seen Instead of unfortunate indi- 
viduals being compelled to go through years of their lives not knowing 
whethei they hare had or have not had, syphilis, they can now r diseovei 
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whether they have been infected with this dreaded disease And moie 
than tins, a physician can asceitam the lesults of active treatment and 
inform the patient accoidmgly The different sociological questions 
concerning the niamage of syphilitic patients, then future piospects 
and their offspnng, and the detection of syphilis m ivet-nuises, may also 
lie answered by means of furthei study of this method of diagnosis 
Keenan Building 
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ACUTE INSUFFICIENCY OF THE SUPKARENALS 

R S LAVENSON, MD 

PinLADrLPinA 

It is mteicstmg that a condition looked on as one of con c idei able 
importance by the Fxeneli clinicians is accoided lnit the most indilXeient 
consideiation by those of otliei countnes Ilemoiihage of the adrenals 
has been geneially lecognwed as a common pathologic finding m still- 
born infants or those dying shoitly aftci birth, and the liteiatmo of 
Itaty, Geimany and England contains occasional lefeiences to hemoi- 
iliage 01 other acute destiuctive lesions of the adienals m adults In 
none of the countries outside of Fiance, lioimei, has acute insufficiency 
of the adienals become a factoi m medical diagnosis m advanced life as 
veil as m infants It might be suggested that this state of affairs is 
but the lesult of the conservatism of the Amencan, Geiman, English 
and Italian clinicians contrasted with the somewhat more unstable, fanci- 
ful attitude of then French biethren That a sym p tom-complex de- 
pendent on acute insufficiency of the adienals does occui, liovevei, m such 
a striking form as to demand clinical recognition is well exemplified by 
the ease which I have to bung befoie you 

Patient — A v oman, admitted to the University Hospital, where in the ca- 
pacity of clinical assistant to Dr Stengel, I had the oppoitunitv of obsenmg 
her dimng her illness and of subsequently peifoimmg the postmoitem examina- 
tion She was a widow, 44 years of age, white, and a natne of Ii eland The 
few elements of her family history that were obtainable had no beaung on her 
piesent condition Her previous history levealed the fact that dunng the past 
seven years she had had infrequent attacks of asthma, and that dui mg the past 
two years she had been subject to occasional attacks of abdominal pain with 
vomiting During the past two years she had lost slightly in weight 

Hist 01 y of Illness * — On November 30, shoitly after eating breakfast, and 
while m comparatively good health, the patient had an attack of vomiting, with 
some pain m the epigastrium, at the same time she felt weak and prostrated A 
half hour later she drank a glass of water, when she again vomited The pain 
m the epigastrium became more severe and the attacks of vomiting moie fre- 
quent During the afternoon there were frequent attacks of •vomiting, and toward 
the evening the patient became slightly delirious She was then seen by Dr H 
Kennedy Hill, who immediately sent her to the University Hospital On admis 
sion to the hospital, temperature was 95, respnation 48, and no pulse could be 
felt Vomiting had ceased by this time The patient complained of pain in the 
epigastrium, and there was tenderness m this region and m the loins The 
predominating symptoms were those of shock, the patient was extremely apa- 

*Read m the Section on Practice of Medicine of the American Medical 
Association, at the Fifty-ninth Annual Session, held at Chicago, June, 1908 
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thfetie , her extremities were cold, the skm leaky and absolutely no ladial pulse 
could be felt Duimg the earliei part of the next day the bieatlnng became of 
tne Cheyne Stokes type 

Physical Examination —The lungs were slightly emphysematous, and on res- 
piration numeious dry r files could be lieaid The uppei bolder of the heart was 
on a level with the fourth 11 b, the light bordei at the light bolder of the 
sternum, the left border about a quaiter of an inch outside of the left mid- 
clavicular line, the apex-beat was m the fifth interspace m the midclaviculai , 
the caidiac sounds were weak and somewhat obscured by the lespnatoiy idles, 
no mui murs could be detected The tenderness m the epigastrium and m the 
loins persisted Tlieie was slight nudity of the abdominal wall, but no dis- 
tention The exti entities were cold and slightly cyanosed 

Unnalysis — Straw coioied, slight brownish sediment, acid, specific giavity, 
1002 , no sugai or albumin , a small amount of mucus , a few leucocytes 

Blood Examination — Hemoglobin, 61 per cent , eiythiocytes, 4,930,000, leuco- 
cytes, 52,800 

Clinical Couise — With vigorous stimulation duiing the day after admission, 
the patient leacted slightly, hei temperature becoming 100 at noon on the day 
following admission Tins reaction lasted for but a slioit time, the patient 
dying at 8 o’clock m the evening following her admission, or about thirty-six 
hours after the onset of the illness Respiration had remained m the neighbor- 
hood of 4S, the ladial pulse had at no time become palpable As counted by 
auscultation, the heait beat from 120 to 140 times per minute 

It is almost needless to emphasize how impressive a clinical pictrue 
the patient piesented — the suddenness of onset, the vomiting, the epi- 
gastric pain, the Imnbai tenderness, and, above all, the piofound shock 
foimed a most striking group of symptoms In the light of our knowl- 
edge at the time, it resembled most acute hemoirhagic panel eatitis, 
though the shock was more piofound and the vomiting and epigastnc 
tenderness less maiked than would have been expected in this condition 
The autopsy levealed the interesting and unexpected natme of the 
affection The following bnef notes aie abstracted 

Pathologic Repoit — The lungs showed, macroscopically and nuci oscopically, a 
moderate degree of emphysema with slight hypostatic congestion The heart was 
of normal size, both ventricles were lelaxed, the cavities and walls were of 
normal pioportions, the valves were soft and competent, the coionaiy aitenes 
Mere slightly scleiotic, the muscle was somewhat grayer than normal Micro- 
scopically, the heait muscle presented the picture of a slight, chiome fibrous 
myocaiditis The pentoneum Mas smooth and glistening The uteius and ap- 
pendages, aside f lom slight atiopliy, presented no pathologic features The kid- 
nejs Meie of normal size, their consistency considerably increased, the capsule 
stnpped with some difficulty, but did not tear the kidney substance, the surface 
was slightly granule i and shov r ed a number of dark-based depressions and a few 
small cysts containing clear fluid The microscopic features were ehaiacteristic of 
an artei losclerotie, chronic intei stitial nephritis of model ate degiee The stomach 
showed itself to be the seat of a chronic cataTrlial gastritis The intestines u T eie 
without noteworthy characteristics, except for consideiable venous congestion The 
spleen was slightly enlarged and softer than normal The liver was of normal 
size, its consistency slightly reduced, the organ was paler than normal, its 
structure somewhat obscuied The microscopic examination revealed fatty de- 
generation with eaily penportal fibrosis The bile ducts were patulous, there 
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ueic no gallstones The panel eas -was of noimal si/c, the tonsisicncv increased, 
the stiuetuie somewhat ohsemed, on squeezing the organ, a few droplets of 
tin bid, aellowish fluid weie exploded fiom the smaller ducts, scieral pmhead 
sized ireas of fat necrosis woie found m flic pen pancreatic fat Microscopic 
alia a distinct mtei lobulai and inlralobulai lilnosis was seen, with some ntropln 
ot the seeieting cells, tlieie was no necrosis, in the inteilobulni tissue, cspccialh 
in the neighboihood of the duets, there was a difluse, polvnuclear leiicocjtic 
infiltiation of modeiate degree Both supiaienals were enlarged and soft, and 
piesentecl on section a daik-icd, homogeneous appeal ance, both supiaienal \cins 
weie thiombosed Micioscopicallv, theic wns almost complete destiuction of the 
gland substance, with the exception of small, scattered islands, the paienehjnn 
of the cortex stained a homogeneous pink with hcmalox-jlin and eosni Nuclei 
of the conneetne tissue cells of the stioma were piesened licie and there but 
scaicelv am epithelial nuclei weie Msiblo Scattered thioughout tins necrotic 
tissue weie hemoiihagic extiaiasations of pilous size Tlieie wns considerable 
hemorihnge into the medulla, but less cellulai and nuclear destiuction than in the 
coilex Lailtmes fiom the pancreas show’ed stapln lococei, colon bacilli, and a 
non identified Giam positne bacillus Cultures fiom the supiaienals weie neg 
atne 

Pathologic Diagnosis — Emphysema and hjposlatic congestion of the lungs, 
chrome fibious myocaiditis, chrome lnteistitml nephiitis, chronic eatairhal gas 
tntis, acute splenic tunioi , fatty degeneration of the lnei, with beginning 
penportal emhosis, chronic pancreatitis, witn acute interlobular suppurative 
pancieatitis, thrombosis of the suprarenal reins and acute liemorihagic necrosis 
of the supiaienals 

My intei pi etation of these pathologic findings m their relation to the 
clinical phenomena is that the woman had a chronic pancieatitis of 
probably some yea is duiation Eecenth an acute suppurative inflam- 
mation was engiafted on tins, the supiarenal veins became thiombosed 
as a result of this neighboung inflammation, and the hemoiihagic 
necrosis of the suprarenals icsulted The lemammg pathologic features 
were foi the most part the xesult of the existing artei losclerosis 

Almost the only two conditions ehaiactenzed by insufficiency of the 
supiaienals aie liemoirhage and so-called adrenalitis These two can he 
neither clinically or pathologically well differentiated an most cases 
Adienalitis is m the vast majority of cases not a time inflammation, as 
the term wmild lmpl}, but a neciotic piocess, with which more or less 
liemoirhagic extiavasation is ahvays associated When both neciosis 
and hemonhage aie present the two aie geneially the common lesults 
of the same condition, a vascular thrombosis On the other hand, a 
nurnbei of the cases do present the clinical and pathologic featuies char- 
actenstio of simple hemorrhage Many of these cases, by reason of the 
suddenness of the insult and the frankness of the hemorrhage, are appio- 
pi lately teimed adrenal apoplexies The 1 elation of suprarenal liemoi- 
lhage to acute hemorrhagic adrenalitis maj be perhaps better undeistood 
by calling attention to the analog} that at least pathological!} exists 
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between them and panel eatic hemorihage and acute liemonhagic pan- 
el eatitis 

I have been able to find but two cases m which insufficiency of the 
adienals was dependent on other pathologic lesions than hemorrhage or 
neciosis One is the ease of Janowski , 1 m which the two adienals formed 
miiall abscesses above the two kidneys The other is the case of Stuis- 
berg , 2 m which suppuration was found m both supiarenals of a woman 
suffeimg from Pott’s disease It is not improbable that the glands m 
this case weie tuberculous 

Confining our attention then to neciosis and hemorrhage, let us deter- 
mine what the factors are beaung on these two conditions The extia- 
oidmarily rich vascularization of the organs naturally impresses itself as 
standing in some relation to the frequency of hemorrhage The gland 
receives its blood supply from three sources, the aorta, the lenal artery, 
and the arteries of the diaphragm The arterioles and the capillaries 
fiom these sources form a dense network about the cells of the cortex, 
and the capillaries and venules finally unite m the inner cortical layers 
and medulla to foim a single vein, which emeiges at the lulus of the 
oigan The facts that such a large amount of blood unites to enter one 
vessel m the medulla, and that extensive hemorrhages usually seem to 
occui into the medulla, suggest that simple alterations m the blood 
supply or blood pressure of the oigan may be the determining factors m 
the production of the hemorrhage This hypothesis has been put forth 
as especially applicable to liemoirhage of the adrenals so frequently 
found m the new-born The great increase m intra-abdominal piessuie 
m the child, incident to the uterine contractions, and especially the pres- 
suie of the liver on the vena cava just above the supiarenals, have both 
been thought to be the direct cause of increasing the adrenal blood pres- 
sure sufficiently to induce hemorrhage This view receives some support 
fiom the fact that when hemoirhage has occurred into only one of the 
supiaienals, it has been moie frequently on the right than on the left 
(according to Hamill , 3 fifteen times m twenty-four cases), and the right 
rem enters the vena cava directly, while the left enters it through the 
lenal vein These relations would naturally subject the vessels of the 
light gland to greater pressure than the left m the presence of any cause 
obstructing the return of venous blood 

Chiomc heart disease associated with passive congestion has been 
obseived m a number of cases, and has thus been looked on as a causal 
factoi 


1 Janowski Gaz lelc, 1S9S, hr, 354 

2 Stui sberg Deutsch med Wcknschr, 1904, xxx, 1406 

1 Hamill Arch Pediat , 1901, xvm, 161 
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Smnlaih cliiomc pulmonai) disease has been not infiequenth found 
m these cases and it is possible that the cliiomc passn e congestion lesult- 
mg theiefiom has been an active facioi m the pioduetion of hemoirhage 

A ceitam niunbei oi cases hare been obseived m uliicli death has 
le suited, at'tei the occuiience of phenomena tending to a gieat mciease 
in blood prosuie and m v hieli at autopsy hemonhage of the supia- 
lenals uas found A stiikmg example of this is a case icpoited by 
Ogle 4 of an epileptic dung aftei tuo necks of almost continuous con- 
Milsions At the autopsy liemonhaire mto both supiaienals vas dis- 
covered I believe that it is not impiobable that in some of the cases 
said to lia\e manifested them sell es clinicalli hi comulsions these neie 
the cause latliei than the lesult of the hemonliage, induced bi the gieat 
mciease m blood piessuie incident to the convulsions Ducknoith 3 lefeis 
to a case m which the paroxisms of coughing m a child mth peitussis 
apparently induced liemoiihages into both adienals 

The gieat tendency to hemonliage tlnoughoul the bod) m asplnxia, 
m all piobability as the lesult of lenous engoigcment has caused it to 
lie looked on as one of the possible factois m the pioduct.1011 of supia- 
tenal hemonliage 5 6 especially in the nen-boin A factoi emphasized by 
Spencei 0 as responsible foi the gieatei fiequencv of supiaienal hemoi- 
lhages m infancy is the noimal delicac) of the blood-vessel walls m this 
period of life 

Thus fai ve hare dealt ruth onh passive congestions It has been 
asserted that active congestion also plays a idle m the pioduetion of 
adrenal hemonliage One of the functions attnbuted to the supiaienal 
capsule is that of neutralizing toxins, and it is said that the functional 
activity of the gland m the piesence of a toxic agent in the bodv so 
increases its blood supply as to lead to hemonliage 

It is doubtful however, if it is alone by mci easing the blood supply 
to the gland that infections and intoxications act m inducing insuf- 
ficiency of the supiarenals In a numbei of cases organisms have been 
isolated directly fiom the adrenal glands, the seat of hemonliage and 
necrosis Ixlebs and Eppmger 7 8 isolated an organism m seveial cases of 
supraienal hemonliage m the new-born, which they called Mona hcmoi- 
ihagica Gaeitnei s isolated a bacillus resembling the colon bacillus, and 

4 Ogle Ti Path Soc, London 1SG3, \n, 127 

5 Duckworth Twentieth Century Practice of Medicine, u 

6 Spencer Tr Obst Soc, Lond , 1891, xxxm, 203 

7 Klebs and Eppmger Boston Med and Smg Join 1S91 

8 Gaertner Arch f Kmderh , 1895 
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Riesman 9 tlie Staphylococcus alius and auicus fiom foui out of six cases 

occumng within a slioit space of time 

Expei imentally, hemorrhage and acute destiuctive lesions of the 
glands have been produced by Roux and Yeism 10 by inoculating rabbits 
and guinea-pigs with diphthena bacilli, by Chanm and Langlois 11 until 
the Bacillus pyocyaneus , and by Rogei 12 with the bacillus of Ened- 
landei Pettit , 13 Pilliet 14 and Wibaud 13 have confiimed these lesults 
Oppenlienn and Loepei 10 have pioduced similai lesults by injecting the 
toxins of Enecllanders bacillus, of the diphtheria bacillus and the 
tetanus bacillus, as well as by arsenic, phosphoius and meicury Pi ac- 
tually the same results weie obtained by Bemaid and Bigart 17 m inject- 
ing vanous metallic poisons 

Adienal hemoirhage associated with a geneial puipunc eiuption can 
be looked on only as a nsceial manifestation of a geneial hemoirhage 
tendency As the puipuias of childhood aie practically always infec- 
tious, the functional activity of the gland as the lesult of the infection, 
according to the above-mentioned hypothesis, probably mci eases its pre- 
disposition as a seat of hemorrhage 

Tiauma does not seem to play a veiv impoitant iole m the pioduction 
of acute destructive supraienal lesions In but two cases, those of Can- 
ton 18 and Mattel , 10 does tiauma seem to have been the cause of the 
adienal hemoiihage found subsequently at autopsy The secluded, well- 
pi otected position of the adrenals is probably the cause of its being so 
infrequently affected by tiauma 

In the cases of Amaud , 20 Cliurton 21 and Dudgeon 22 adienal hemoi- 
ihage was apparently induced by severe surface bums In Dudgeon's 
and Amaud’s cases theie weie symptoms of adieu al insufficiency befoie 
death This association suggests that which exists between suiface bums 


a Riesman, quoted by Hamill Arcli Pediat , 1901 xi m 1G1 

10 Roux and Yersm Ann de l’Inst Pasteui, 1889 

11 Cliamn and Langlois Compt lend Soc biol , 189G Senes 10, m 

12 Rogei Piessemed, 1S94 i, 35 

13 Pettit These de Pans 1896 

14 Pilliet Axcli de physiol nonn et path Senes 5 F 7 

15 Wibaud Etude des capsules surrenales dans les maladies mfectieuses ex- 
pel unen tales, Brussels 1S97 

1G Oppenheim and Loepei Aicli de med e\p6i 1901 xm 332 
17 Bernaid and Bigart Jour de physiol et de path gCn 1902 n 1014 
IS Canton Tr Path Soc Loud 1SG3 \a 257 

19 Mattel (Case 2) Spei imentale 1SS3 li 38G 

20 Arnaud (Case 1) Aicli gCn de mfd 1900 clxxxn 

21 Churton Lancet London 1SSG l, 245 

22 Dudgeon (Ca^e 2) Am Join Mod Sc 1904 cxxni 134 
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and duodenal uleei Whethei the adrenal lesion lesults flora internal 
congestion toxic pioduets 01 embolism is quite as much open to question 
as the pathogenesis of duodenal ulcer 

Suppurative inflammations of adjacent oigans has apparently been 
the cause of necrosis and hemorrhage of the supiarenals, with the clin- 
ical signs of insufficiency m three cases — my oun and two of Arnaud’s 23 
In one of Arnaud’s cases the neighboring lesion vas an abscess of the 
liver, m the other a suppurating hydatid cyst of the liver In all thiee 
cases thrombosis of the adrenal veins was apparently the immediate cause 
of the changes m the glands It is possible that pneumonia acts m the 
same uai m producing acute insufficiency of the adrenals as to these 
lesions of neighboring abdominal viscera 

The appearance of the gland vanes with the nature and extent of the 
lesion Simple hemorihages usually occur into the medulla of the organ 
If of small size the hemonhage merely distends the coitex slightly pio- 
ducing but little destruction of its cellular elements If of larger size 
it may so distend the organ that the cortex forms but a thin shell enclos- 
ing a large blood c} st Kayei 24 records a case m which hemorrhage into 
a suprarenal gland resulted in a blood cjst weighing two kilos Carring- 
ton 25 reports a case in which the suprarenals were transformed into cysts 
the size of large oranges, and in Eoutier’s 20 case 1,600 cubic centimeters 
of a blackish-brown fluid were evacuated from a suprarenal, the seat of 
hemoirhage At times the capsule of the gland ruptures, permitting the 
escape of blood either mto the surrounding letropentoneal tissues or 
mto the peritoneal cavity itself 

When hemorrhages are multiple and small they are usually found m 
the cortex lathei than in the medulla In such cases moie or less necrosis 
of the epithelial elements of the cortex is usually piesent The necrosis 
and hemorrhage may be the common result of the same cause, thiombosis, 
or the necrosis may be either the cause or the result of the hemorrhage 
Judging from the pathologic features of my case, venous thiombosis re- 
sults m extensive necrosis with but slight hemorrhage In such cases 
the gland presents macroscopically a homogeneous, reddish-brown appear- 
ance and a microscopic picture similar to that described m the above 
pathologic notes of my case 

The fact that the lesions are at times limited moie or less to either 
cortex or medulla has led to an attempt to classify the symptomatology 

23 Arnaud (Cases 2 and 3) Arch g£n de mSd , 1900, clxxxvi, 5 

24 Payer (Case 1) Journal de 1’expSnence, 1837 

25 Carrington Tr Path Soc , London, 1885, xxxvi, 454 

20 Routiei Bull Soc d’anat de Pans, 1895, 73 
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accoidmg to the involvement of one or the othei of these paits Expen- 
mental evidence indicates that the functions of the coitex and medulla 
aie different The medulla seems to supply the elements having to do 
especially with the preseivation of vasculai tone, while the function of 
the cortex, aside piobably fiom acting to an extent m a compensatoiy 
way for the medulla, appeals to be the furnishing of an antitoxic agent 
to the body In the majont} of the cases of sudden death m adrenal 
insufficiency the hemonhage does seem to have occuned into the medulla, 
but we aie hardly justified m deducmg fiom tins fact the conclusion that 
this result attends destiuction of only this portion of the gland The 
functions of the adienals aie as yet too little understood and the limita- 
tions of the pathologic lesions involving them too poorly defined to 
wan ant moie than the statement that insults to the glands, legardless 
of their location 01 extent, may call forth certain profound symptoms 
such as will be descnbed m the clinical discussion 

A study of the liteiatuie leveals a numbei of apparently incongruous 
lelations lequirmg discussion Eumeious cases have been observed pre- 
senting the symptoms of acute suprarenal insufficiency m vdnch only 
one of the glands was involved, the other being apparently normal Why 
the compensatory action of the normal gland should not be capable of 
abolishing these symptoms is beyond the limitations of our pathologic 
knowledge to say It is not improbable that our means of study aie in- 
capable of discovering lesions which, without destroying the moiphologic 
mtegnty of the apparently noimal organ, yet seriously interfere with its 
functions A number of cases (those of Addison , 27 Goolden , 28 Carring- 
ton , 25 Greenliow , 20 and Mattel 30 ) have been reported m which the symp- 
toms of Addison’s disease weie presented and in winch at autopsy acute 
adienal lesions were found In all of them the diagnosis of Addison’s 
disease, as judged by the repoited symptoms, is open to doubt, but even 
were it authentic it is lational to consider that a chronic degenerative 
process would only predispose the gland to hemoirhage or other acute 
process which b} r its prominence could obscure the lecognition of the 
chronic changes An intei estmg gioup of cases is that m which the 
signs of acute supiaienal insufficiency occur, followed shortty by death, 
and at autops}' the destructive lesions of a chronic piocess aie found m 
the supraienals 

27 Addison On the Constitutional and Local Effects of Disease of the Sxipia- 
renal Bodies (Case 10), London 1S55 

2S Goolden Lancet, London 1S37, n, 20G 

29 Gi eenhow Lancet London 1S77, i 349 

30 Mattel (Case 3) Spenmeiitale, 1SS3, li 38G 
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In legaid to such ca^es it must be emphasized that the dcgice of 
tissue destruction is not always a measme of functional incapacity and 
it is very possible that only -when the cl extinctive piocess has leached a 
ceitain degiee, 01 imohed ceitam elements, does it manifest itself clin- 
ically 

Since, as above stated, hemoiihage of the supiaienals and acute 
hemoiihagic adienalitis can not be stucth ditleientiated eitliei clinically 
01 pathologically m the majoiitv of cases, I shall not employ these tvo 
conditions as a basis foi classification The svmptoms piesentecl lesult 
iiom mteifeience with the function of the adieuals, icgaidless of the 
agent inducing it Eien on the basis of the clinical phenomena I hesi- 
tate to attempt a classification foi feai of confusing the leaden m a 
maze ot aitificial gioupmg, foi few of the cases confoim to one type 
entirely distinct fiom the otlieis Hoveiei on the basis of the piepon- 
deiance of one or anothei gioup of sjmptoms, I think that the following 
classification will seive as a basis foi clinical consideration 

1 Cases of sudden onset ruth epigastnc pain and tendeme=s, vomit- 
ing, piofound piostiation feebleness and lapidity of pulse coldness of 
extremities, lumbai tenderness, and at times diairhea, and abdominal 
distention, followed vitlnn a few days by death This is the symptom- 
complex that at times is called the pentoneal type of acute msufhcienci 
of the adienals, of m I nch rav case is a sinking example The hteiatine 
of the subject contains a numbei of similai instances, among the most 
impiessive of which aie those of Stuisbeig , 2 Pntcliaid , 31 IMattoi, - 
Arnaud, 8 " Janowski 1 and Sotti 31 The occunencc of the same gioup 
of symptoms m childien is well exemplified by such cases as those ol 
Batten , 35 Dudgeon , 22 and the two cases of Talbot 30 There is a sinking 
lesemblance between the cases of this type and many cases of acute 
hemonhagic pancieatitis Judging fiom the one case that I have ob- 
seived, the shock is moie profound, the lumbar tenderness moie acute, 
and the epigastric pain and vomiting less pionounced m adienalitis than 
is usually the case m acute hemorrhagic pancieatitis 

2 The asthenic type, m which the piedominant featuie is a pio- 
found asthenia ending u itlnn a few days in death Instances of this 


31 Pritchard Lancet London 1S00, i, 750 

32 Mattel Spenmentale, 1SG3, n, 3 

33 Arnaud (Case 1) Aich gen de nied , 1900, clwvw, 5 

34 Sotti Policlimco, 190S, w, Sem mdd , 1 

35 Batten Tr Path Soc , London, 1893, xliv 

3G Talbot St Baitli Hosp Bep , 1900, \\\n, 207 
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type lia\e been lepoitecl by Greenhow, 29 Mini av,' 57 Sicaul*® and Yoi«m 
and Yoieio, 39 all occniimg m adults In Sicaid’s case the asthenia was 
so pronounced as to give the case the appeal ance of an acute bulbo-spmal 
mvasthenia Interesting cases resembling those included m tins group, 
except for then duration, aie those lepoited by Maiehand, 40 and Bemaid 
and Heitz 41 In Marchand’s case the duiation was thiee months, in 
Bernai d and Heitz’s case five months In both of them theie was an 
extreme degiee of asthenia, and at autopsy simple atiophy of the ad- 
renals was found m both cases Bernai d and Heitz employ then case 
to [justify them m originating a condition which they teim subacute in- 
sufficiency of the supiarenals 

3 The neivous type, in which the predominant symptoms have been 
either convulsions, as in the cases of Portal, 42 Yalleix 43 Pairot 44 and 
Dioubaix 45 or coma, as m the cases of Ainaud, 40 and Laignel-Lavas- 
tme, 47 oi delnium, as m the cases of Mattel 48 and Bib a deau-D uma s and 
Bmg, 49 oi a typhoid state, as m the eases of Vnchow 50 and Kohlei 31 
These vaned symptoms have been noted m children, as veil as m adults 
In some of the cases m which convulsions have been a predominant fea- 
tuie I tbmk it not impiobable, as mentioned above, that they weie the 
cause latliei than the result of the nrjui}'- to the adrenals 

4 Cases of sudden death In this gioup I include the cases of sudden 
death in which at autopsy nothing except a destructive lesion of the 
adienals, usually hemonhage, has been found It may be thought pie- 
sumptuous m such cases to conclude that the sudden death vas due to 
the adienal lesion, but lealizmg fiom experimental evidence and from 
the clinical evidence of the moie pioti acted cases how profound an influ- 
ence destruction oi in] uiy of the supraienals has on life I think that it 

37 Munay Ti Patli Soc , London, 1870, xxi 395 

3S Sicard Bull Soc rued dliOp de Pans 1904 xxi S4S 

39 Voism and Noreio Bull Soc d’anat de Pans, 1906 Kwi 320 

40 March and Deutscli med TVcknscln , 1903 xxix 

41 Bernai d and Heitz Tribune med, 1904, Hew Series n 325 

42 Portal, quoted by Lieutaud Histona anatomica, 1769 i 2S5 

43 Valleix Clinique des maladies des enfants nouveau-nGs (Case 22), Pans 
183S 

44 Panot (Cases 10 and 11) Aicli gen denied, 1872 xi\ 257 

45 Droubaix These de Pans (Case 1) 1S87 

46 Ainaud (Case 4) Aicli gen de mCd 1900, elxxxn, 5 

47 Laignel-Lai astme Bull Soc anat de Pans, 1902, Ixxi n 

4S Mattel (Case 1) Spenmentale, 1S83 li 3S6 

49 Ribndeau-Dumas and Bmg (Case 2) Bull Soc anat tie Pins 1904 
lvxix, 477 

50 Vncliow quoted by Lanceieaux Diet encvcl d sc mCd 1S75 in, 155 

51 Ivoblei Diet encvcl d sc mCd , 1875 m, 155 
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is a justifiable mfeienee Tins I believe to be tine of still-bom infants 
in whom this lesion is found as v ell m cases of advanced life In- 
stances of tin 5 tipe hare been lepoited bi Eaiei 5 - and Goodhail and 
Hamill 3 has collected the cases occiuimg in still-boin infants and elnl- 
dien lepoited up to the ieai 1900 

5 Cases occumng m association with a puipuiic eiuption oi lienioi- 
rhages into the abdominal useeia Xumeious cases of this tipe occur- 
ring m clnldien aie reported m the liteiatuie I bate been able to find 
none occiuimg m adults Undoubtedly the henioriliage into the supia- 
renals m these cases is but a manifestation of the geneial hemoiihage 
tendenci as a lesult eithei of infection oi, m some cases, possibly of 
asphyxia The English clinicians hate been inclined to look on these 
cases as possible instances of hemonhagic smallpox', especially by leason 
of the fact that many of the affected clnldien hate been unvaccmated 
As there is little else than this one fact m support of their ueiv, I flunk 
it can not be looked on as a piobable one 

Though the majonty of cases permit themselves to be classified m 
one or anotliei of the above gioups mam aie chaiaetenzed by sj mptoms 
common to moie than one gioup The cases m winch puipuia is a piom- 
ment featuie mat picsent s) mptoms chaiacteiistic of the pentoneal oi 
neivous type, and cases of the asthenic or nervous type may in addition 
present some si mptoms belonging to the peritoneal type Of all the 
symptoms the most constant and one of the most cliaiaeteristic is a 
greater or less degiee of asthenia The occasional occuirence of tiro othei 
symptoms is worthy of mention The} aie tumor and the hgne blanche 
of Seigent 54 A tumoi, the lesult of supiarenal hemoiihage, is men- 
tioned as having been determined dui mg life m thiee instances In one 
of EayeEs 24 cases it involved the right supiaienal and presented itself 
m the epigastiium In Koutiei’s 20 case a hemoirhage into the left supia- 
renal formed a palpable tumoi m the left liypoehondnum In Leconte’s 
case there was a fluctuating tumoi on each side of the mid-lme extend- 
ing from the li} poeliondnum to the iliac fossa The hgne blanche, oi 
white lines piodueed by stroking the skm with the fingei, aie looked on 
by Sergent as being of gieat diagnostic value m supiaienal insufficiency 
They result fiom the tcmporaiy constnction of the relaxed vessels As 
the majority of observers agiee that they can be produced m vanous 
conditions attended by vasomotoi relaxation, I can not agiee with Sei- 

72 Bnyei, quoted by Xtogei Joui de 1’evpOi lcnce, 1837 

33 Goodhait New Sydenham Soeict\’s Atlas of Pathologic 1S79, n, 50 

34 Seigent Bull Soc mCd d’liOp de Pans, 1904, \n, 3S0 

.5,3 Leconte These de Pans (Case 4S), 1897 
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gent m looking on tliem as diagnostic of adienal insufficiency As clin- 
ical investigation has as yet advanced no pathognomonic signs of the 
condition, it is only when the symptoms observe a sufficiently charaetei- 
lstie grouping that the possibility of diagnosis dui mg life can be entei- 
tainecl Attention should be paid to the relative frequency of the condi- 
tion m the purpuias of childhood and during or shoitly aftei the acute 
infections An interesting case occurring subsequent to an acute infec- 
tion is that leported by Sieard of a woman 33 yeais of age, who shoitly 
after the cnsis m Briedlandei's pneumonia suddenly manifested a most 
piofound asthenia, death occuned within a few days, and at autopsy 
hemoiihage and necrosis of both adrenals was found Bousset 50 asserts 
that he has recognized acute insufficiency of the supiaienals as indicated 
by asthenia arterial hypotension, nausea, vomiting and diarrhea eight 
times m the course of vanous acute infections and that he has caused 
then subsidence by hypodennic injections of adienalm Due consideia- 
tion must be paid to the apparent etiologic relationship that exists 
between acute supraienal insufficiency and inflammations m the neigh- 
borhood of the supiaienals suiface bums, chronic heart oi pulmonaij 
disease, and any phenomenon tending to a great increase m internal blood 
pressure 

Such cases as those of Laignel-Lavastme and Amaud claim for acute 
supiaienal insufficiency a lole of some importance as a possible factoi m 
apoplectiform deaths Both of the patients were men, respectively 36 
and 47 3 ears of age, apparently previously m good health, who suddenly 
fell unconscious and died m coma, one twelve hours, the othei foity-eight 
horns after the onset At autopsy the only finding of note was hemor- 
lhage into the suprarenals When physiology has taught us more of the 
functions of the supiarenals, and when they are subjected to a moie rigid 
loutme postmortem examination, and when clinicians pav moie attention 
to the facts already detei mined. I have no doubt that acute supiaienal 
insufficiency will assume a position of gieatei clinical importance than it 
has maintained in the past 

32S South Sixteenth Stieet 
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THE COMPARATIVE MORPHOLOGY OE TnE SPIROCHETES 
OF SYPHILIS AHD YAWS (FRAMBCESIA TROPICA) 

FREDERICK F RUSSELL, MD 

WASHINGTON, D C 

Theie lias always been considerable interest m ibe iiopical disease 
known as yaws or fiainboesia tiopica, not only loi itself, but also on 
account of its lesemblance to syphilis and one group of English physi- 
cians, headed by Mi Hutchinson , 1 has even gone so fai as to say that 
if “yaws be not syphilis it is veiy eleai that it offeis a vciy exact paral- 
lel to it” The physicians of Mr Hutchinson's school Ime tiled to clear 
up the question of the ongm of syphilis by suggesting that it is an 
evolutionary foim of yaw 2 All authorities unite m agieemg that the 
two diseases have many points of resemblance and that then relation- 
ship to one another is a most intimate one 

When the spnoehete of yaws was hist descnbed by Castellam 3 m 
June, 1905, his announcement aroused great nrtei est among the stu- 
dents of syphilis as well as among the students of tiopical diseases It 
seemed piobable that at least one of the riddles of medicine might non 
be answered 

In his first publication 3 Castellam sars distinctly that he does not 
commit himself in any way as regaids the etiology of Paiangi In his 
second article on the subject 4 he is still non-committal In Ins thud 
ieport,° which was published only one v> eek latei, he tells us that Piofes- 
sor Sclraudinn had kindly examined some of his piepaiations and had 
written him undei date of Aug S, 1905, that the yaus smears contained 
three varieties of spnochetes, one of which was veiy delicate and resem- 
bled closely Spu ochceta pallida, and at this time Castellam expresses 
himself very decidedly as to the identity of the two oiganisnrs In his 
summaiy he sajs that one of these spnochetes is extiemely delicate and 
m Ins opinion, it is absolutely identical with Spu ochceta pallida of 

” Read at the fifth annual meeting of the Amencan Society of Tiopical 
Medicine, held in Baltimore, March 2S, 1908 

1 Allbutt and Rolleston System of Medicine, Lond , 1907, n. Part 11 , 701 

2 Osier Modem Medicine, Phil, 190S, m, 439 

3 Castellam, Aldo Jonr Ceylon Br Brit Med Assn, 1905, u, 54 

4 Castellam, A But Med Jour, Nov 11, 1905, n, 1280 

5 Castellam, A But Med Jour , Nov 18, 1905, n, 1330 
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Schaudmn But e\en aftei making suck a positive statement as that 
he has appaiently not convinced himself m the mattei, as he adds m 
the same bieath that “if my hypothesis should be pioved to be wiong a 
piopei name foi the oiganism might be Sp palhdula Castellani's 
next aiticle 0 is entitled “Is Yaws Syphilis This is not a meie note 
on the question, but a lathei complete discussion of the entile pioblem, 
and m this papei he comes to two conclusions which at Hist sight aie 
not consistent with one anothei He concludes that yaws is not svphilis, 
and also that spnochetes of yaws aie, m Ins opinion, moiphologieallv 
identical with Spuoclicda pallida of Sehaudmn , he maintains, howevei, 
that this does not pi ore the identity of the two diseases, since the bacil- 
lus of lepiosy and of tubeieulosis and many othei acid-fast bacilli aie 
moiphologieally identical, while the diseases aie quite distinct 

Since 1906 tluee independent series of studies have been made on 
the subject of the unity 01 duality of syphilis and yaws, and the same 
geneial conclusions have been leached m all thiee studies (Castellam 7 
Ashbuin and Ciaig, s L Halberstaedtei 0 ), namely, that raus is a sepa- 
rate and distinct disease fiom syphilis, and that an inoculation of mon- 
keys with yaws does not confei any immunity against siphilis, nor does 
the inoculation of si plulis confei any immunity against 3 an s 

To return now to the question of the moiphology of the spnochetes 
of these two diseases Last summei I examined numeious smears made 
fiom yaw lesions, and I must confess that I could not satisfactorily 
differentiate one vanety from the other, although I felt that theie weie 
eeitam minute differences which aie too elusive, hou ever, to be' put 
down m so man) words Latei m the yeai I was so fortunate as to 
obtain two nodules which had been excised fiom patients suffering v ith 
raws, these I studied according to the silvei nitiate method of Leva- 
diti, 10 and m both specimens were found innumerable spnochetes which 
at fiist sight appealed to be absolutely identical until Spn 0 client a pal- 
lida A little stud}-, howevei, showed that there weie differences be- 
tween the tuo and that these venations veie not accidental but regulai 
and constant These diffeiences may be appreciated bv comparing the 
tuo accompan3ing photomicrographs, which ueie taken under exacth 
the same conditions as to magnification, light, etc The photoinicio- 

G Castellam, A Join Tiop ISIed , 190G ix, 4 
7 Castellam, A Join Hvg, 1907, in, 35S 

S Asliburn and Craig Philippine Joui of Sci Manila 1007 11 411 
9 Arb a d k Gsndlitsanite Berlin 1007, \\u 4S 
10 Jom Am Med As«n 10Q7 xl\m 005 



?o morphology or Tin : spirochi irs or syphilis imj r.ni s 

giaphs lepiesent aveiage fields, tliei weie not selected foi tins special 
pui pose 

It is evident (1) That Spuochaiia pci tenuis (Fig 1) is slightly 
thickei than Spuochaiia pallida (Fig 2) 

(2) That the distance fiom eiest to west of the waxes is gieatei 

(3) That the dip fiom the eiest to the hollow is gieatei as a mle 

(4) That the waves aie not quite so legulai m then height 

(5) That the nunibei of foims showing longitudinal dmsion is 
greater. 

(6) That there is a gieatei tendenci foi the spnoehete to cuil up 
one end into a loop oi moie oi less solid ball 

Piowazek, 11 m some compaiatne studies on spuoelietes has come 
to piacticall) the same conclusions as these lie adds one point which 
is of considerable interest — a point which was foiecasted In* Castellam 
m one of Ins earliest papers — and that is that these oigamsms have a 
resting form which is oval oi round and which is pioduced bx a coiling 
up of the spiral One often sees mdmduals with one end looped oi 
coiled into a moie oi less solid lound oi oval bodv which lepiesents a 
transition stage between the full} extended and the coiled up lcsting 
stage 

U S War Department 
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THE THEORY OE CHEMICAL CORRELATION AS APPLIED 
TO THE PATHOLOGY OE THE KIDNEY 

RICHARD M PEARCE, M D 
ALBANY, ST Y 

Tlieie is perhaps no pioblem m medicine of greater mteiest to 
clinician and pathologist alike than that of the i elation "which, some of 
the more nnpoitant manifestations of chronic nephritis, as vascular 
fiypei tension, lieai t liypei trophy, uremia and edema, hear to the renal 
lesion itself Dnnng the past summer, having m view an experimental 
study of some phases of vascular hypertension, I undeitook a critical 
leview of the general literature of renal physiology and pathology, and 
was amazed, not only at the multiplicity of theories concerning the rela- 
tion of the kidney to heart hypertrophy and hypertension, but also at 
the importance attached by many writers to the pait played by the hypo- 
thetical internal seeietion of the kidney I use the term “hypothetical” 
advisedly, for, although certain clinical observations aie very suggestive, 
the experimental basis on which the theory rests ap]ieaied to me to be 
most unstable Further study of the subject, however, led to the con- 
clusion that the theory, despite conflicting obseivations, offeied, m view 
of our newei theories of chemical correlation, much that was suggestive 
and indeed, if established by pioper experimental evidence, of funda- 
mental importance m the pathology of the kidney At the same time I 
felt that if it weie not capable of proof it should be discaided as a hin- 
drance to moie profitable study along othei lines 

Eor these reasons I have for the past six months devoted my time 
entnely to various phases of this pioblem and have attempted to deter- 
mine also the effect of products retained m, ot arising within, the organ- 
ism during nephritis and of the correlation of disease of the kidney with 
the internal secretion of other organs. 01, foi example, the adienal, m 
short, a study of chemical correlation m its bioadest sense, as applied to 
the kidney It is the results of this study which I now present Such 
an investigation, as it naturally includes to a considerable extent a repe- 
tition of the expei iments of others and as its scope is somewhat compre- 
hensive, is as 3 et far from complete It has advanced sufficiently, how- 
ever. along all fines to allow me to give "sou a more or less satisfactorv 
summarv of mv results 


'Anmnl address belore the Philadelphia Pathological Society April 23 lOOS 
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I wish at the outset to ha\e it cleaih understood tliat I use the tenn 
cheimeal eon elation” in the bioadest possible =ense to include the action 
on any oigan 01 tissue, 01 gioup of oigans 01 tissues, of any substance 
01 substances piesont m the blood as the i osnlt of Die nouna 1 01 abnor- 
mal life processes of any othei oigan 01 tissue M3 discussion must 
tlieiefoie, include the oldei theon ol internal sccietion with its newei 
aspect the action oi hormones, as well as the action of pioducts of 
metabolism I do not think it neces^ai} to explain these theones As 
examples of these t}pes lespeetnelv it is sufficient to mention the secie- 
tion of the adienal, the action of sceietm and the influence of caibon 
dioxid on the lespnaton ccntei 

The knowledge denved fiom these ianou= phases of chemical cone- 
lation will be applied to the pathologi of the kidnei 111 an attempt to 
explain 01 at least to offei a woikmg basis foi the undei standing of, the 
mcieased blood piessuie, the uicmia. tlie edema and the distmbance of 
metabolism associated with ehionie lenal disease And although I have 
been unable to leach definite conclusions m legal d to all these matters, 
I think that a piesentation fiom this point of new mn} peihaps be sug- 
gestive and an incentive to discussion 

With this explanation let me glance foi a moment at the oldei obsei- 
vations on which the tlieoiv of internal secietion, as applied to the kidne}, 
is based The subject was fiist brought to geneial notice by Biowm- 
Sequard who, as the lesult of Ins investigation of the internal secietion 
of the testicle, came to very bioad conclusions concerning internal secie- 
tions m geneial, and stated that the kidneys, as also othei oigans have 
this function He based lus opinion as legaids the kidney on clinical 
observation and the study of dogs from wduch both kidneys had been 
lemoved as compared until those m which the uieteis had been ligated 
As the result of such proceduio the retention of metabolites is the same, 
but in the nephiectomized animals death, wduch comes on more 1 apidlv, 
is supposed to be due to the absence of an internal secietion which, it is 
assumed, is still furnished by the ligated kidneys If, he maintained 
m the nephiectomized animals the internal secietion is replaced by the 
injection of renal juice, or glycenn extracts oi kidney or by normal 
seium, the animals live as long or even longei than those wduch have had 
both uieteis ligated Such observations are urged m suppoit of the 
theory of internal secretion by those wdio do not believe uremia to be due 
to retention of the products of metabolism 

Bradfoid s extirpation experiments characterized by a marked wast- 
ing of the bodjy polyuria and increased loss of nitrogen, until especially 
an increased elimination of uiea aie also offeied m support of this 
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thcoiy, although Biadfoid states definitely that he made no obseivations 
which indicated that these changes weie due to the distuibance of an 
internal seeietion 

Similaily, metabolism expemnents on man which tend to show that 
uieima may occui without evident nitiogen letention aie viewed m the 
same way and aie taken by those who suppoit the theoiv of internal 
seeietion to indicate that uieima is not due to lack of elimination of 
metabolites but to loss of the internal seeietion 

Analogous to the injection of kidney extracts into nephicctonnzed 
animals aie the attempts at oiganotlierapy — the feeding of kidney ex- 
tracts to nephutics with 01 without uiemia — having foi then object the 
leplenishment of the internal secretion wdnch the diseased kidnej 7, fails 
to iuimsli 

As legards the effect of the kidney on blood piessuie, Tigeistedt and 
Beigman found that extiacts of the kidney substance of the rabbit yne- 
paiecl m vanous w ays caused a rise m pressuie when injected into the 
labbit These experiments aie fiequently quoted m the discussion of the 
lit pei tension of contiacted kidney as evidence of the effect of an internal 
seeietion on the vasculai system To these older vietvs may be added 
moie lecent observations, such as those wdnch assume a conelation be- 
tween the adienal and the kidney of chronic intei stitial nephritis m the 
pioduction of aitenoscleiosis and the question of the development of 
endotheliotoxic and nephiotoxic substances dui mg neplmtis All these 
obseivations, wdnch must be consideied m connection with the theones 
of internal seeietion and chemical conelation, may be giouped foi pui- 
poses of discussion undei the following headings 

1 Clinical obseivation of the effects of nephiectomy and h cation of 
the uietei m man 

2 Experimental study of snnilai conditions m animals 

3 Tlieiapeutie expemnents on nephiectomized animals under aboie 
conditions 

4 Tlieiapeutie expemnents with kidney extracts on nephutics with 
oi without uieima 

5 Metabolism studies m clnonic nephritis m man 

6 Metabolism studies m annuals with partial extnpation of ladner 

7 Experimental study of the effect of kidney extracts on the blood 
piessuie 

S Studies of the effect on the heait and blood piessure of the re- 
UKual of large poitions of the kidney 

9 Studies of the effect on the blood pressure of the seium of animals 
with experimental neplmtis 
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10 Studies of the 1 elation of chiomc intei «tiiial nephritis to mci eased 
sccietion of the adiennl and the influence of the lattci upon the cardio- 
rasculai system 

11 The determination, by physiologic methods, of the presence of 
adrenalin oi adrenalin-like sulistance rn the ^enun of neplnitics oi of 
animals with lesions of the kidney 

12 The study of neplnotoxic and endotlieliotoxic substances m the 
seiurn of animals with expenmenlal neplmtis 

The fust five of these may be disposed of buefly 

I CLINICAL OBSERVATIONS 

These offei the most suggestive evidence of some influence u Inch pre- 
vents the appeal ance m individuals with obstruction or accidental liga- 
tion of both meters of the uremia which so early appeals aftei complete 
nephieetom) Foi example, in 66 pei cent of Fowler’s series of runety- 
thiee cases of meter obstruction no maiked uiemic symptoms uere evi- 
dent In such cases death is usually delayed foi two weeks or moie vith 
few oi no symptoms of uiemia, ulnle aftei nephrectomy it occui s usually 
m four to six days and commonly ruth uell-niaiked uremic manifesta- 
tions That this difference may be due to an internal secretion is pos- 
sible, but chemical or mechanical faetois must be considered It is known 
that the kidney has the powei to foini, from substances brought to it m 
the blood, certain new compounds, as, for example, liippuiic acid from 
aiomatie derivatives and glycocoll It is possible that it has other syn- 
thetic or analytic functions, oi peiliaps a detoxicating powei smiilai to 
that of the livei Undei such cncumstances, even though the meter 
weie ligated, these functions would peisist and control to a certain extent 
an autointoxication It has been shown also, as the result of experi- 
mental studies, that urine is excreted until such time as the piessuie m 
the dilated pelvis equals that of the blood Under these cncumstances 
the dilatation of the pelvis may become veiy great and a considerable 
quantity of fluid is contained therein, and it is possible that an exchange 
of fluids between pelvis and surrounding tissue may take place and thus, 
by allowing elimination of toxic substances through other channels, as 
skin, intestine or lungs, delay the symptoms which appear so rapidty after 
nephiectomy, a procedure which necessarily means an immediate and 
complete retention m the blood of the products of katabolism Until 
the influence of such factors, and also of the nervous system, is settled 
experimentally we can merely look on clinical observations as suggestive 
of internal secretion but capable of mterpietation m other ways 
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II EXPERIMENTAL NEPHRECTOMY AND URETER LIGATION IN ANIAI VLS 

In animals the leeogmtion of symptoms uhich may be consideied 
uiemic is exceedingly difficult — piactieally impossible — and the only 
cutenon available is the diffeience m time -which elapses hetoie death in 
ligation on the one hand and nephrectomy on the otliei Such oluei ra- 
tions naturalli leceive the same rntei pi etation as clinical expeiience 

III THERAPEUTIC EXPERIMENTS ON ANIMALS 

Biown-Sequaid and otlieis, but more especially Ins pupil* hate at- 
tempted to show that the life of the nephiectomized animal mat be pio- 
longed and uiemia pi evented hi' injecting extracts of ladnev substance 
or the seium of defihi mated blood of noimal animals, the blood being 
taken fiom the lenal vein or sometimes, indeed fiom the geneial cncu- 
lation These studies are not conclusive The cliff eience between the 
behavioi of contiol and tieated animals is but slight and the peiiod of 
suivival lanes gieatly m the contiol Tor example, m the expenments 
of Ajello and Paiascandalo twelve contiol dogs died m fiom ioui to 
ioity-eiglit houis with dispnea, comulsions and gastiomtestmal clis- 
tuibances consideied to he uiemic m cliaiactei while of ten tieated 
with gli cei m extiacts^ one lived foui dais, six three dais and the otliei 
thiee died m fiom foity-eiglit to fifty-two houis Manv otliei miestiga- 
tions, mainly of Tiench and Italian woikers, give similai lesults The 
u oik of Heiei, a pupil of Brown-Sequaid, is usually quoted m this con- 
nection Hei ei consideied the dispnea of nephiectomized animals 
which he descnbed as of a Cheyne-Stokes variety, to be the best cn- 
tenon of the condition of uiemia Beeoidmg tlie lespiration giaplncallv 
he took the momentaiy cessation of dispnea resulting fiom the mtia- 
pentoneal injection of kidney extract, or mtia-artenal injection of 
defibi mated blood of the lenal vein as a sign of improvement His con- 
clusions have been severely eiiticised on account of the ease tilth tilucli 
m such expenments distuibances of lespiration occm the misleading 
natuie of the method of lecoidmg and the influence of lemovmg laige 
quantities (60 cc ) of blood fiom the cnculation befoie injecting equal 
amounts 

The woik on this subject shous that animals leceivmg ext 1 act* of the 
kidney 01 defibimated blood of the lenal vein ceitamli do appear to hate 
a longer postoperative life, but the difference is slight and is not evident 
uhen the blood seium of the lenal i em, which uould be supposed to 
contain the internal secietion is used as m the experiments oi Chatm 
and Gumaid Fiom these latter expenments one is led to conclude that 
it serum oi the icnal vein is -without effect then eithei the internal 
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secietion r earned by tlie led coipuscles, 01 the coipuscles m some way 
aid m piolongmg the postopeiative life of the nephrcctomued animal 
Fiom a mi\ei of the liteiatme one gatheis the impiession that these 
theiapeutic expenments aie o£ no value as suppoit of the tlieoiy of 
internal secietion 

IV THERAPEUTIC EXPERTMEXTS OX MAX 

These weie flist attempted hi Dieulafo), nho lecommended the sub- 
cutaneous injection of gljcenn evtiacts of the kidney of the guinea-pig 
and the o\ undei the name of ‘neplnme ’ This method was exploited 
by man) m the tieatment of nephiitis and especially of luemie enses 
Otliei piepaiations of the kidney, fluid and diy, and even injections of 
the blood oi the lenal icm iveic employed, but the faioiable lesnlts at 
flist lepoitcd v eve not constant and soon veie legaided as coincident 
with the penods of tempoiaiy nupiovement so fiequent m nephiitis 
Kenal opotheiap) has appaienth been almost entnely abandoned In 
Jvaufmanns stimmaiy (1905) of the liteiatuie of the subject tlieie aie 
few lefeience* to its use m lecent jeais With its disappearance as a 
theiapeutic measuie disappeais also one of the aiguments m favoi of 
the internal secietion of the ladncv 

Somewhat difleient fiom opotheiapc aie the lecent evpeiiments of 
Carnot and Lelievie, who have injected subcutaneousl) 01 given b) nioutli 
the seium and kidney extiaets ot animals winch had withstood a uni- 
lateial neplnectoni) They asseit that such tieatment stimulates the 
legeneiation and giowdli of kidney paienclivma, even to the extent of the 
foimation of new glomeruli and tubules This influence they teim 
“neplnopoietic ; 

V METABOLISM STUDIES OX MAX 

The ocamence of uiemia without nitiogen letention, and, on the 
otliei hand the absence of uiemia with decided nitiogen letention has 
led to the suggestion that uiemia might be due to a giadual diminution 
of the internal secietion of the kidney lathei than to a letention of the 
pioducts ot metabolism Ownng to oui lack of know ledge of the leal 
natuie of uiemia this view, which ceitamly is suggestive, has some sup- 
port 

It is well known, as pointed out by von fsooiclen, that m non-uiemic 
neplmtics the piotem katabolism follows the same couise as m health 
If such mdmduals be given a diet winch m a noimal mdmdual would 
establish nitiogenous equilibiium, any of tlie following lesults may oecm 
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a The excietion of mtiogen thiough the kidneys and m the feces 
ma^ conespond to the quantity introduced This noimal condition may 
occui especiall) in renal cmhosis 

l) The quantify of mtiogen excieted maj be maikedly less than that 
ingested This may be explained m pait by mcieased elimination by the 
lungs, intestine 01 skm blit is also m pait a mtiogen letention 

c Moie mtiogen may be piesent m the mine than has been ingested 
This is due to an mcieased peimeability of the kidney and is analogous 
to the increased elimination of mtiogen resulting from the administra- 
tion of large quantities of w atei 

These conditions may occui in any of the tipes of lenal disease and 
may alternate m a single individual As emphasized by von ISTooiden, 
the second tjpe, 01 that of letention m renal cmhosis, is seldom perma- 
nent, foi it is succeeded eithei giadually 01 suddenly by one m which 
mtiogen is fieely excieted and which xestoies the geneial dailv aveiage 
of mtiogen elimination 

On the otliei hand, almost all obseivations 1 eg aiding the metabolism 
of patients suffeimg from uienna show a moie 01 less considerable reten- 
tion of nitrogen The cases of uienna ruth excellent elimination of 
mtiogen aie exceptions and, as von ISToorden points out, lecall “an old 
lemaik of Boitels that uiemic convulsions sometimes occui when edema 
is alieady diminishing — at a time, that is, when mtiogenous extiaetnes 
letum fiom the tissues into the blood m laige amounts, and so come m 
contact with the neivous system ” 

It would appeal , tlieiefore, that the detailed study of the metabolism 
of nephritis does offer a possible explanation of uienna m the absence of 
mtiogen letention without the aid of the tlieoiy of internal secietion 

VI METABOLISM IX EXTIRPATION EXPERIMENTS ON ANIMALS 

Fiom the expeimiental side we have the observations of Bradford and 
of Bambridge and Beddaid The foimei, working with dogs, found that 
aitei the lemoval of appioximately thiee-fouiths of the total kidnei 
v eight death occui red m fiom one to six weeks fiom asthenia with gieat 
waiting, coma and convulsions were not obsened 

Death is apparently dependent on the amount oi kidney substance 
lemoved and not on the mutilation inflicted bi the opeiative pioceduie 
Decision of a poition of one kidney 01 portions of both is followed by an 
inciease m the tolume of the uime but unaccompanied h\ an mciea-e 
in tlic total solids The lattei does oceui liowevci after excision of three- 
foiuths of the total kidne\ weight This increase is absolute when appe- 
tite does not fail and lelatne when little 01 no food is taken Under ihe 
lattei cnaumtances the amount of urea eliminated is as gieat as that 
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cxcieted pie\ioush on a full diet At the same lime the blood and tis- 
sues paihculaih the muscle*, show a consideiable ineiea*e m mtiog- 
enous extiactn es Biadfoid concludes that the distuibance ol metab- 
olism following the 1 eduction of kidnev substance is due not to the 
letention of: the pioducts of noimal de*tiuction of tissue, but to an 
mci eased tissue katabolism cspecialh of the mu*cles, pioducing laige 
quantities of uiea He state* that he ha* made no obsenation* to detei- 
mme whether 01 not this is due to the ees*ation of the action of a lenal 
internal secietion His ie*ults have, howeiei, been so inteipieted bi latei 
wntei* 

Bambiidarc and Bcddaid m a lecent publication descnbe tlien obsei- 
vations on cat* Tliei conclude that tlie lemoval of tin ee-f on rllis of the 
kidnej substance cau*cs loss of appetite, wasting and death in a few' 
da^s 01 weeks that an meiease of nitiogen m the mine is not constant 
and occuis onlj dm mg the last few dais of life when the animal has lost 
22 pei cent oi inoic of its body weight and, therefoie that the kidney 
has no dnect influence on metabolism but that the meiease of nitiogen 
is the lesult of inanition and similni to that which occuis m *tamng 
animals Tliev also find that theie is not necessarily an meiease m the 
volume of mine 

The difference of opinion between these imestigatois seemed suf- 
ficient to wanant a repetition of the experiments in oidei to determine 
the effect of the reduction of the ladnev on mti ogenous metabolism In 
cairjmg out the same I have also investigated the feces m ordei to detei- 
mine, if possible, whethei oi not the inanition could be explained by 
digestive distuibances due to faulty absoiption oi possibh to the effect 
of irritating substances eliminated through the intestines as the lesult 
of faulty chemical coin elation 

These expei invents w r eie made on dogs which weie kept foi *ome time 
before opeiation and dining the entile coiuse of the expenment m mti og- 
enous equilibiium For this puipose a punn-fiee diet of casein ciackei 
dust and laid urns used and the daily amount of wntei limited to COO c c 
The animals were kept m the usual well-ventilated metabolism cages and 
were cathetenzed at the end of each twenty-foul horns Aftei each 
catheterization the bladder was washed out and the wash-w atei added to 
tlie eatheterized uime and that voided naturally and the whole made up 
to a definite volume This urine was caiefully pieserved fiom changes 
of any kind until the analyses weie made When albummuua occuned, 
which occasionally happened during a shoit period immediately follow- 
ing opeiation, the coagulable protein was lemoved by heat and acetic 
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acid the coagula being thoroughly boiled out with water and the washings 
added to the uime 

On these twenty-foni-lioui samples the following determinations weie 
made Total nitiogen by the Kqeldahl method, ammonia by the Shaffei 
method and mea by the Jlorner-S^oqmst method The investigation was 
so delimited mainly because the changes m total nitrogen and m the 
elimination of urea and ammonia were the onlv points m dispute and m 
pait on account of the negative nature of the lesults obtained by Biad- 
foid and by Bambridge and Beddard m regard to other substances 

The geneial piocedure was to place the animal m nitrogenous equi- 
libnum conduct contiol determinations for a penod of thiee days, opei- 
ate, and aftei allowing Two or three days for lecovery fiom the acute 
o fleets of the opeiation, make determinations during one or moie tliree- 
dav penods The opeiatiye procedure differed somewhat fiom that of 
the English mvestigatois Instead of a wedge of kidney substance, the 
rrppei half of the kidney was removed and the bleeding fiom the cut 
surface conti oiled bv mattress suture This method, although it nanows 
the pelus somewhat, is not followed by extensive mfarction 01 liemor- 
lliagc and gives bettei lesults than that recommended by Bradford At 
a subsequent opeiatron erther one-lialf the opposrte kidney 01 the entire 
kidnev v as extirpated, and m the case of the former the remaining half 
vas taken out at a thud operation In some instances one entire kidnej r 
and half the opposite kidney Mere lemoved at one operation without any 
immediate ill effect The present work includes metabolism studies on 
but torn dogs with van mg degrees of kidney reduction, but a somewhat 
exhaustive study of the general effects of extirpation and of the process 
of lepan m the kidnev after vanous forms of operative nrjuiy will be 
pi evented latei by Di J A Sampson and myself 1 

At piesent it is sufficient to state that we have had no difficulty m 
keeping animals alive and m good condition with neither general nor 
local disturbances after the removal of one-quarter, one-half or m some 
instances tlnee-quarteis of the total kidney substance at one operation 
The removal of laiger amounts and occasionally of three-quarters, is 
followed bv severe general distuibances winch have rendered futile all 
attempts to maintain the animal m nitrogenous equilibrium In one 
instance after removal of a considerable portion of the kidnev substance, a 
nephutis developed which added to the value of the experiment rather 
than otherwise 2 

Hie lesults m the four experiments thus fai completed may be crim- 
inal ued as follows 


1 Toi tic t -ills of tlie=e =ee Jour IXper Med 1008 \ Xo 0 

2 F<u ilt tills iml tilde-, -i_> Tom IXpcr Med l‘ios x Xo 3 
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Uie first experiment shows no appieciable changes in metabolism 
aftei the icnioval of one-half of one kidney or one-half of each kidney 
This animal nnfoi innately died a few horns aftei the third operation 
with no lesions discoverable at autopsy except a very extensive edema of 
the lungs 

The second experiment indicates that the lemoval of three-fourths 
of the entne kidney substance at one opeiation does not interfere with 
the general condition of the animal, as shown by the constant weight and 
noimal metabolism tiguies 

The thud expenment, on an animal ruth a spontaneous nephritis, a 
condition occasionally found m stray dogs, shows that this lesion has no 
effect on metabolism, eren after the kidney substance is reduced one-lialf 
by a unilateial neplnectomy 

The foui ill expenment was not planned for a study of metabolism, 
but when it w as found that an animal w ith but one-quarter of its kidney 
substance had developed an acute neplintis, thus diminishing, it was as- 
sumed, the functional capacity of the fi actional poition of the ladner 
lemaimng, it seemed too good an oppoitunity to lose and the animal was 
placed on a constant diet and the metabolism experiments earned out six 
days later This animal, despite the great i eduction of kidney substance 
and the presence of a nephritis had a normal metabolism during the first 
three days’ observation period Two weeks latei. howevei, when its appe- 
tite had begun to fail, equilibrium was lost, although no change m the 
percentage relations of nitrogen w r as evident 

After anotliei penod of trvo w r eeks had elapsed, however, and the kid- 
ney substance had still lurthei been 1 educed by opeiation, leaving the 
animal ruth but one-seventh of its onginal kidney w r eight, a change m 
the urea-ammonia ratio, indicative of inanition, occurred That this final 
change w 7 as due, as Bambndge and Beddaid state, to inanition there can 
be no doubt Tip to tins point, the beginning of starvation, the changes 
m urea described by Bradford w r ere not obseived, and there is no evidence 
that the kidney, through an internal seexetion 01 otheiwise, has any influ- 
ence on geneial nitrogenous metabolism I believe that the theory 7 of 
internal secietion, as far as it concerns general metabolism at least, may 
be set aside 

Theie remains, howevei, the very 7 important question of wdiy the 
removal of more than tluee-fourths of the kidney 7 substance leads to loss 
of appetite and consequent inanition Although occasional vomiting 
occurred m these animals it did not seem to be sufficiently frequent or 
severe to indicate a geneial gastrointestinal distuibance To test this 
point extirpation of the kidney w as done on tw o dogs aftei the establish- 
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mcni of a gastnc fistula In tins way it was Loped that the food neces- 
saiv foi nitiogenous equilibrium could be mtiodueed artificially and 
by examination of both mine and feces some light might he thiown on 
the cause of the distuibanee These efioits were rendeied futile, how- 
ever, by the inability of the stomach to letam the materials mtiodueed 
The conclusion is inevitable, therefore, that although the kidney appears 
to have no dnect influence on nitiogenous metabolism, the removal of 
large portions of its substance does indirectly lead to disturbances of 
general nutntion, apparently by interfering with the functions of the 
ahmentaiy canal 

The occunence of these senous gastric and intestinal disuibances m 
animals aftei kidney i eduction and their general sinnlaiity to lesions 
occurring occasionally m man in the couise of chionic nephntis led me, 
m view of the moie lecent ideas of the chemical conti ol of the body and 
the influence of one secietion on another, so well brought out by Stalling 
and Bayliss 5 investigations, to study the feces of these animals m order to 
dcteimme if paitial nephrectomy had any influence on digestion, absorp- 
tion 01 elimination into the intestine Bambridge and BeddarcVs claim 
that the distuibances m metabolism aie due to inanition dependent on 
r minting and dianhea with eventual failuie to take food, and not to direct 
influence of the kidney on metabolism, dodges the question The point to 
be determined is whetliei 01 not these gastnc and intestinal distuibances 
aie caused by faulty absorption 01 by digestive distuibances due to the 
elimination into the intestine of substances noimally removed by the 
kidners The demonstration of such a 1 elation would be important not 
only as an lllustiation of the chemical mter-relationslup between vanous 
oigans, but would also aid m explaining similar distuibances associated 
with the nephntis of man 

These latter, which, I understand, aie frequently so sevcie as to pie- 
sent sunptonrs closely lesemblmg a violent gastioententn have been 
asenbed m pait to alteiations of the mucosa due to edema and m pait 
to the influence of the uiemic condition on the cential neivorn sr stem 
While these explanations account foi many of the s} mptoms. otheis. ac- 
coichng to ron LToorden must be attributed to toxic chemical action In 
lad, lccent investigations show' that m uiemia substances usually elim- 
inated bv the kidnejs are secieted vicariously into the alimentary tract 
Of these the most imitating chemically is ammonia which is formed m 
the intestine by decomposition of the =ecieted urea The fece- ot uiemic 
dianhea have been found to be extremely ncli m ammonia 

Studies of the feces haring for their olpect the deteimmation of the 
degiee of absorption m nephntis for winch we aie mdfbhd mninh to 
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von jSTooiden, show that the absorption of fats is very complete The sit- 
uation m legal cl to mtiogcn is no! so cleai, the loss m some cases being 
gieatei flian normal, while in otheis an abnoimally high percentage is 
found The lanation in some individuals, without a conespondmg 
change m diet 01 m the natuie of the siools, 01 m the general condition 
and with no change m the peicentage of diy substance 01 fat content of 
the feces led ion Vooiden to the conclusion that the mciease of nitrogen 
was due not to impaiied absoiplion, but to the vicarious excietion of 
metabolites stoiecl up m the organism In many cases the excretion of 
nitiogen lemains noinial High amounts , above thiee grams daily, are 
found m nepluitis only m uiennc dianhea and aie due laigely to a high 
content of ammonium salts, constituting sometimes 10 to 20 per cent of 
the total fecal nitiogen 

In the font experiments summarized aboie the total nitiogen in the 
feces evacuated during contiol penods and penods of metabolism study 
w as estimated The lesults indicate no maiked change m the total nitiogen 
01 its peicentage iclation The inanition and gasliomtestinal distmb- 
a nee can not, therefoie, be explained by impaned absorption or by an 
undue elimination of piotem substances The mciea^ed elimination of 
toxic substances, non-mtiogenous m nature, may be a factoi, but on this 
point I have no observations 

I now pass to another phase of my subject, the influence of the kidney 
on the caidiorasculai system Heie experimental methods have added 
little to the knowledge based on clinical and anatomic study 

VII TIIE EFFECT OF KIDNEY EXTRACTS ON BLOOD PRESSURE 

Tigeistedt and Beigman in 1898 detailed a very extensive senes of 
expei iments which appeared to demonstrate the piesence of a pressoi 
substance m ex ti acts of the kidney of the labbit Tins substance was 
obtained from the cortex of the kidney and was present not at all oi only 
to a slight extent in the medulla It could be extiacted fiom the fresh 
organ by salt solution, by alcohol, by fresh blood and to a less extent by 
cold watei Extracts prepaied by boiling gave no eflect The substance 
was non-dial} sable and the investigators, therefoie, concluded that it 
could not be any of the salts of the urine To this substance they gave 
the name “ream* and regarded it as an internal secretion of the kidney 
normally passing into the blood The rise of pressuie, which varied 
from a few inilluneteis to 25 or 35 mm Hg, they believed to be due to 
an action on the peripheral nerve centeis as well as possibly on the spinal 
cold Very small amounts caused as much effect as larger doses, and 
repeated injections pioduced each an effect as great as the first injection 
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In ordei to demonstiate the passage of this supposed piessoi sub- 
stance into the blood they injected blood from the renal tern into the 
vessels of rabbits which had suffered double nephrectomy A model ate 
use followed, foi example, m one animal, twenty-foui horns aftei neph- 
lectomy, a rise of 18 mm Hg occuired These last experiments weie 
lepeated by Lewandowsky the following yeai, and although Tigerstedts 
use of piessuie was conffimed Lewandowsky obtained a similar transient 
piessoi effect m his controls by injecting blood fiom the general venous 
(jugular vein) and also aitenal systems The rise he considered to be 
due m part to the lapidity of injection, but as it was not obtained b) 
injections of salt solution, he concludes that the effect is due to some 
substance 01 substances m defibi mated blood capable of pressor effect 
but not to an internal secietion of the kidney 

Lewaudowsky's results appear to have discouraged the fuithei exten- 
sive investigation of Tigeistedt's observations, which one would have 
expected The only lefeiences m the liteiatuie, at least as far as I have 
been able to deteimme, are those of Livon, E1011, Vincent and Sheen, and 
Shaw Of these the first two desenbe a pressoi effect, Vincent and 
Sheen vanous results, sometimes a fall, sometimes a rise m piessure, and 
occasionally no effect Shan, using the cat, almost uniformly obtained 
stiikmg and piolonged use in piessure varying fiom 1 to 72 mm Hg 
Mention must also lie made of the observation of Olivei, published a 
reai befoie those of Tigeistedt Utilizing the Log's exposed mesenten 
to deteimme the effect of vanous oigan extiacts on the peripheral vessels 
lie obtained constantly ruth adienal extract, a most decisive contraction 
but no imaiiable effect with extiacts of the kidney and various otliei 
oi gans 

When one analrzes these investigations the striking fact is brought 
out that the lesult seems to depend on whether oi not the kidney extract 
was injected into an animal of the same species Thus Tigerstedt, m a 
senes of about fifty experiments ruth the rabbit, obtained uniformly a 
piessor effect, as did also Shaw — using the cat — in all but one of nine- 
teen injections Vincent and Sheens injections were not alwars into 
animals of the same species and then results varied Livon does not 
giro the details of his injections, but his results weie uniform, as al c o 
appear to have been those of Fioig whose original paper I hare how- 
e\ei. not seen 

The umfoimnv of these results with kidner extiacts when consid- 
ered in the light ot the iact that othei oigans. as liver and spleen appeal 
to contain a depressor substance led me to lepeat the-e expeumcms 
wuli ration^ modifications m the hope of deteiimmng whcthci oi not 
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the piessoi effect of the kidney extiact na« due to a peculiai function of 
the kidney 01 to some otliei factoi, physical 01 chemical m chaiacter 
The desnability of moie light on this question must be evident to any 
one familial with the seveial theories, based on the principle of internal 
secretion, which have been foiniulated by clinicians to explain the hyper- 
tension and heart hypei tiophy associated mth clnonic nephritis It is 
sufficient to mention Riva-Roeci, v, ho states that a blood-piessuie-iaismg 
substance is formed m mci eased amounts m the diseased kidney, and 
Shaw, who attempts to offei a basis for Traube's theory of uiemia by 
assuming that the substance causing ailenospasm and thus pioducmg 
ceiebial distuibances without postmoitem lesions is possibly the piessor 
substance “lemn ” 

The results of my expenments offei no suppoit to the theory that a 
piessoi substance or substances exist in the normal kidney Eaily in the 
investigation a cuiious contiadiction uas obseiwed It was found that 
the injection into the rabbit of extiacts of either dog 01 labbit kidney 
caused a slight use m piessuie, but that similar injection into the dog 
caused a depressor effect, which, when dog’s kidney was used, was veiv 
decided Fiom these observations it uas evident that the piessor sub- 
stance of the kidney of any given species lias no constant piessor effect 
foi animals of othei species, as is the case with adienalm In attempt- 
ing to analyze these results it was found that almost any substance 
injected into the 1 abb it’s circulation m dose of one to tluee cubic centi- 
meters caused a slight transient use m piessuie These substances 
included blood serum, defibrmated blood, unne, extiacts of the livei of 
both labbit and dog, solutions of uiea, of sodium chlond and Locke’s 
solution The pioduction of a use of piessuie by such a vanety of sub- 
stances detiacts gieatly fiom the significance of the use following the 
injection of kidney extiacts and indicates that m an animal, as the rabbit, 
whose circulation is easily disturbed, the effect of the injection is largely 
if not entirely mechanical Other expenments demonstrated that the 
use in pressuie could be obtained with filtiates of the heated extract 
and with its dialysate, contrary to the statement of Tigeistedt and Bag- 
man 

The dog’s kidney extiact was studied m the hope of removing the 
depiessor substance and demonstrating a piessoi substance All such 
attempts have been unsuccessful It has, howevei, been possible to show 
that the depressor effect is due apparently to the salts of the mine and 
not to any peculiar constituent of the kidney cells This was bi ought 
out by observations which showed that extiacts of othei organs of the dog 
had little or no depressing effect, while the mine had a depiessor effect 
equal to or greater than that of the kidney extiact Also the substance 
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■vi as not destioxed by beat, 01 autol} sis, vas not piecipitable In alcohol 
and dial} zed leadily Experiments to demonstiate the piesence of cbolm 
ueie negative 

Till LITLCT OX JIEVRT AND BLOOD PRESSURE OP EXTIRPATION OF LARGE 

PORTIONS OF THE KIDNEY 

The lecently published investigations of Passler and Hemeke have 
aioused a new mteiest m the experimental study of the relation of the 
kidney to meieased blood pressure and caidiac hypertiophy These 
investigatoi s found that after the lemoval of a considerable portion of 
the kidney substance, approximately two-thnds to three-fourtlrs by suc- 
cessive opeiations, a use of blood pressure occuned which was peimanent 
and associated with caidiac hypertrophy This lesult was not constant, 
but occuned m about 25 per cent of the animals which survived by at 
least four ueeks a considerable l eduction of kidney substance In such 
it was obseived also that aiterial spasm with further rise of blood pies- 
suie quickly followed stimuli which m normal animals would produce 
little effect These obseivations suggest that the lieait hypertiophy is 
due to meieased uork lesultmg from the en dilatory distuibances caused 
by tendency to artenal spasm, and that the vascular spasm is due m its 
turn to the effect of retained toxic substances A similar hypertrophy 
of the lieait m dogs after kidney extirpation had pieviously been ob- 
sened by Paoli Biadfoid states that m dogs uith thiee-quaiteis of the 
kidney lemoved ‘‘the blood piessuie lemams high” even m animals 
extiemely cachectic, but no obvious caidiac hypei tioph} r is found There 
is eveiy leason to believe that the obseivations of Passlei and Hemeke 
will be confirmed, if so, we shall have valuable evidence of a chemical 
conelation of extieme importance m explaining the caidiovasculai 
lesions of liephntis This confirmation has been a pait of my piesent 
stud}, but thus fai I have accomplished little, as most of the annuals 
with consideiable kidney reduction have been used for other purposes 

in mr ErrECT on blood pressure or the serum of animals with 

EXPERIMENTAL NEPHRITIS 

Assuming that if l eduction of kidney substance leads to retention of 
toxic pioducts affecting blood pressure the acute forms of experimental 
nephims vould hare a similar effect I have conducted a series of blood- 
pressuic experiments along that line The serum of dogs poisoned with 
'iramum nmate and potassium chi ornate lias been obtained at rarious 
‘dage- of the course of the experimental nephutis and injected m doses 
of tvehe to twenn cubic centimeters into a branch of the femoral vein 
of noimal dog= The pies=uie na^ taken m the caiotid The re=uh- 
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have been somewhat smpusmg While the seiiun of a chromate neplmtis 
almost uniformly causes a slight rise m piessuie, the injection of the 
seium of uranium dogs is folloved by a decided drop 

That the drop caused by uranium seium is not due to tiaces of the 
in ainuin mtiate injected is shoun by tlie fact that small amounts 
(0 0075 gi ) have no effect on the blood pleasure, uhile largei amounts 
(0 0375 gi ) hare a jrressoi effect 

Similai e\peiiments with rabbits give, with both uianium and chro- 
mate sera a definite continuous rise reiy diileient fiom the slight tran- 
sient rise caused by kidney evtiacts In these animals a diop vas neiei 
observed 

It is eudent, theiefoie, that disturbance of kidney function does 
cause the appearance of substances m the blood serum uhieh have a 
definite effect on the blood pressuie The vanation m this effect is sug- 
gestive Potassium chi ornate pioduees parenchymatous changes m the 
kidney, uhile uianium appeals to afl’eet both tubular and rasculai stiuc- 
tiues The difference m action of the two seia may' possibly be explained 
by tins difference m disturbance of function More uoik along this line 
is essential 

It matters little whetliei the substances causing these piessuie effects 
aie retained products of metabolism or aie pioducts increased by the 
ncanous action of othei oigans oi for that matter, aie the lesult of 
an mternal secretion of the kidney' itself It also is a mattei of mdif- 
feience whethei the immediate effect is pressoi oi depiessoi The 
important point is that in disease of the kidney there occuis m the blood 
seium m increased amount a substance or substances affecting blood 
piessure and, therefore, of supreme importance as evidence of chemical 
con elation m the pathology of diseases of the kidney 

X EOLATION OF THE ADRENAL TO CHRONIC INTERSTITIAL NEPHRITIS 

AND ARTERIOSCLEROSIS 

Of considerable interest at the present moment, in view of the inves- 
tigations of Trench clinicians, is the question of the relation which the 
adrenal bears to the arterial hypertension and degeneration of Blight’s 
disease It would appear but natural, m view of oui knowledge of the 
influence of adrenalin m raising blood pressuie, of the expeiimentai 
lesions produced m the rabbit by this substance, and of the clinical phe- 
nomena of chronic nephritis, to associate the renal and aitenal disturb- 
ances with some disturbance of the adrenal At first glance it is difficult 
to determine whether the condition m the kidney is responsible for 
changes m the adienal leading to an increased outpouring of the seeie- 
tion and consequent arterial hvpei tension and degeneiation, oi whether 
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the lenal changes aie secondary to aitenal disease caused by a pitman 
adienal distuibance Avitlim the pa*t tlnee y eai s French mvestigatois, 
led by Vaqucz, have offeied a laige mass of liteiatuie which indicates 
that nodulai 01 diffuse hi peiplasia of the adienal is commonly asso- 
ciated with conti acted kidne}' and aitenoscleiosis when the disease does 
not mn too rapid a eom.se The hvperplasia is consideied as an indi- 
cation of a hy pei activity of the antitoxic and angiotomc functions of the 
gland, what we might call, perhaps, hipeiadienalism 

To indicate the obseivations on which this theory is based, a poition 
of the liteiatuie may be reviewed buefly 

The first case descubed by Vaquez nas one of adenoma of the coitex 
of the adienal associated with a conti acted kidney Josue descubed 
tlnee instances of diffuse aitenoscleiosis with hjpeitiophy of the adienal 
Aubeitm and Ambaid, m eight cases of contracted kidney, found m tlnee 
fatly adenoma, and m foui diffuse hypeiplasia, the eight, with a very 
lapid course, had a normal adienal Lemaire m a single instance, and 
Fiom and Rivet m six out of seven nephritics found adenomata or 
nodulai hypeiplasia, the seventh, a patient with but slight use m blood 
piessure, was negative Menetner found two adenomata m seven eases 
of contiacted kidney These figiues indicate the frequency of changes 
m the adienals m association with renal and vascular lesions Theie aie 
many ncgatne findings, however, and the frequency' of similar legions 
with diseases other than those of the kidney and the vascular system lias 
not been sufficiently investigated Landau, who has examined the ad- 
lcnals in sixteen cases of aitenoscleiosis, finds no changes which might 
not be asenbed to the effect on the gland of artenoscleiosis itself 

In the hope of thiowmg moie light on the subject by puiely anatomie 
studies, I ha\e examined the autopsy lecoids of the Bender Laboiatoiq 
and have attempted to deteimme the lelation, on the one hand, of yas- 
cuhai lesions to changes m the adienal, and, on the other, the association 
of the lattei with chiomc intei stitial neplnitis 3 

The histologic examination of a laige number of adienals point* con- 
clusnely to veiy definite and fanly constant changes m this organ m 
geneial aitenoscleiosis These changes, however, aie not limited to the 
aitenoscleiosis associated with contracted kidney. but are found also in 
aitenoscleiosis accompanying the paienchymatous type of nephritis 
and iinallj, m geneial aitenoscleiosis without evident chronic lesions 
of the kidney The changes aie of ty\o types first, those undoubtedly 
*eeondai\ to the alteiations in the vessels of the adrenal a* thickening 
of the capsule diffuse mciease of connectiye tissue and lound-cell mfil- 
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tialion, and second, lauous grades of lnpeipla'ua, nodulai and othei - 
■\\ise lanations in the amount of clnomaflni substance and changes m 
the c} toplasm of the coitical cells Whether the^e lattei changes aie 
also secondaiy to the aitenoseleiosis 01 aie independent, and perhaps 
pnmaulv oi nnpoitance m the pioduction of a Inperadienalism con- 
cerned m the etiology of the \asculai lesions, I hai e been unable to 
deteiimnc thougli I incline to the foiniei view 

That these lanous changes occui nioie 01 less constantl} m associa- 
tion vitli aitenoseleiosis is a point of gicat mteie^t and nnpoitance m 
the pathologj of this disease and uoitli} of furthei stud} In connection 
vith the piesent study, hover ci tlie chief \ aluc of these obsenations lies 
m the fact that these alteiations aie not peculiai to ehiomc interstitial 
nephntis, with which disease the Fiencli paiticulaih associate them, but 
aie found also in othei foims of ehiomc nephntis and, indeed, m all 
conditions vitli advanced aiteno=eleiosis It vould appeal, theiefoie, 
on puiel} anatomic giounds, that a conelation between the diseased 
kidney and the adienal hanng an influence on the rasculai sjstem is 
doubtful It must be admitted, houm ei tliat this question can be def- 
miteh settled onl} by caieful anatomic studies conti oiled by blood- 
piessuic deteimmations duimg life 

XI ADREXALIX OR ADHEXAI IX-LIKE SUBSTANCES IX TIIE SERUM OP 

XEPnniTics 

Another phase of this subject is the attempt within the past real to 
demonstrate adienalm 01 adrenalm-like substances in the seium of neph- 
litics Foi tins puipose the obsenation of tlie Melt/eis, that adienalm 
causes a dilatation of the f log’s pupil, has been utilized Accoidmg to 
Ehrmann, this leaction is sufficiently precise to allow of the deteimma- 
tion of adrenalin m dilutions of 1 to 1,000,000 (0 1 mg being the min- 
imal blood-piessure-iaismg close foi the cat) 

Schui and Wiesel have found that the seium of patients v ltli ehiomc 
nephritis, eien when diluted twenty times, unifoimly causes mydriasis 
of the frog’s enucleated eye Tins lesult does not occur with the serum 
of normal individuals oi of individuals with othei diseases A similai 
dilatation is caused by the seium of nephrectomized labbits, but not h\ 
that of the normal rabbit Eichler confirms the results of Scliur and 
Wiesel m regaicl to the serum of nephntics and that of nephrectomized 
rabbits, and considers the question of whether oi not the relation is one 
of the internal secretion of the kidney to that of the adienal Ivaufmann 
m discussing the results of Schui and Wiesel, states that he obtained a 
very definite dilatation m tv o cases of chrome nephritis, but also a slight 
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dilatation with the seiuni of noimal individuals and of individuals suffer - 
mg fiom otliei diseases 

Schlayei has attempted to demonstiate piessoi substances by utilizing 
the “t essel ship method This method ongmated by Meyei, consists 
m fastening a stnp of the caiotid of the ox-, obtained by cutting out a 
ring of the vessel to the bottom of a small glass jai, and to the otliei 
end a ligatuie leading to a tuo-anned level, one aim of v Inch untes on 
a smoked dram Fluids to be tested aie placed m the jai containing the 
“vessel stnp ' Meyer studied the effect of a variety of substances on 
such vessel pieparations and found the vessel to lespond by contraction 
to veiv minute amounts of adienalm (0000015 mg in 15 cc of 
Emgei's solution) He also found that normal blood serum caused a 
\eiv definite contiaction of the vessel 

Schlajer used this method foi testing the seium of nephntics His 
conti ol expei iments demonstiated the povei of normal serum to cause 
contraction and his obseivations on the effect of concentration, dilution 
diahsis and heating shoved piactieally the same effect on the action of 
the seium as these measuies bate on the action of adrenalin He con- 
cludes theiefoie, that m noimal seium is piesent a substance having 
some of the plnsiologic as veil as the physicochemical chaiactensties of 
adienalm Assuming theiefore that wliethei oi not this substance is 
adienalm. it would be mci eased m the seium of nephntics, if lespon- 
sible foi the mci eased blood tension, he conducted a senes of expei iment s 
vi tli seia of patients vith vanous forms of clnonic neplmtis Twenty - 
six obseivations on seia of eight diffeient patients with blood piessuie 
of 190 to 2G0 mm Hg by ion Recklinghausen's apparatus, veie made 
Only two seia, one from an individual with a small piunaiy contiacted 
kidnei aud one from a patient vith clnonic lead poisoning (contiacted 
kidnei ) gave a leaction gieatei than that of the conti ol seium In all 
otliei s all contiacted kidney s the effect w as less After i ulmg out veak- 
enmg of the actite substance bt dilution due to the hydiemic condition 
of the neplnitic serum he conclude^ that the lesnlts do not suppoit the 
adienalm theorv of high piessure m clnonic neplmtis Fuithermoie 
he minimize* the linpoitanee of Scliui and "Wiesel s expei iment foi a= 
he argues as the pupil test is negative vith normal serum while the “te*- 
sel stnp' reaction is positne the substance m nephntic *eiuin causmtr 
nndnasis can not be the =ame as the bloo d-p l essure-i am ng =ub=tnncc 
In reph to this cnticism Schui and "Wiesel suggest that Meiers method 
indicates the piesence of a pies=oi substance otliei than adienalm and 
that tlierefoie the suhiecr should be more thoroughh im obligated In 
snppou of then own position the\ emphasize the point tint from the 
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seium of liephnties can be isolated a substance giving the non clilond 
leacfion Xoi adienahn 

I have attempted to conti ol these lesults, but hare been unsuccessful, 
m pail because I could not obtain satnfaclon tiacmgs with MejeTs 
Vessel ship” method, and m pait on account of the difficulty of obtain- 
ing ilie sci a oi nephutics The f log's pupil test I June applied to the 
soi mn of foui dogs 111th seieie chiomnie ncplniii*, thice with inamum 
nephntis, and one v lib spontaneous rhionic nephritis, ruth entnely 
negatne lesults The scmm of inamum and cln ornate lablnts also give 
negative lesults 

These investigations ruth the seia of animals mill acute experimental 
nephntis aic, hover ei, m no nay analogous to those v lth clnonic nepli- 
ntis m man The obsenations of Schui and These] on the one hand, 
and of Schlajei, on the othei, aie of gieat importance and should be 
lepeated bj those liaung access io abundant clinical mateiial 

XII NLPmiOTOXIC substances 

The theones concerning nephiotoMC immune seimn 01, as it is gen- 
eially teimcd, “nepbioioxm,” haimonize \uth some of the statements 
put foith concerning the internal secietion of the kidney and with the 
theory of chemical con elation But a few icais ago all kinds of cells 
iveie injected m vanous v ays into animals of alien species m the hope 
of producing specific eytotoxms foi any and all of the tissues of the 
animal body The tlieoiy undeilymg these pioceduies assumed that the 
injected cells contained substances capable of stimulating the cells of the 
injected animals to the formation of antibodies It assumed virtually, 
theiefoie, that the cells introduced contained, foi example, m the case 
of kidney cells if thoroughly washed fiee of blood and mine, substances 
peculiai to cells of that oigan and not occurring in the cells of othei 
organs Such reasoning could well be turned to suppoit the theory of 
internal secietion by assuming that the substance causing the immuni- 
zation was the internal secietion of the kidne^y set free by the disinte- 
gration of the injected cells The theoiy of the nepln otoxms, liowevei, 
was even more comprehensive, and the results of such immunization 
experiments weie applied to chiomc nephntis The hypothesis was put 
forth that m this disease the continued destruction of lenal cells led to 
the formation of a lytic body, autonephioljsm, capable of the continued 
destruction of other renal cells, a soit of vicious cncle, as it were, which 
explained many of the complications of the disease On this supposition 
a number of mvestigatois have attempted to demonstrate m animals that 
the ligation of the vessels of one kidney leads to the escape from the 
injured kidney of a substance (autonepluofysin) v Inch has the power 
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to impan the function of the othei kidney, 01 that the seium of such an 
animal mtioduced into the vein of a normal animal of the same species 
would cause albummuna and histologic evidence of lenal impaiiment 
(isonephrotoxin) Although the results of such experiments have been 
moie 01 less contradictory, they indicate, I think, a theoietical analogy 
at least between the theory of nephiotoxms and that of internal secietion 
The observation of Ascoli, foi example, that a neplnotoxic seium caused 
an increased blood pressure, coupled with the statements of Kiva-Rocci 
and Maiagliano that a similar substance is found m mcieased quantities 
m the diseased ladney, lias been fieely quoted as an explanation of the 
increased artenal tension and cardiac hypei trophy of patients with lenal 
disease Unfortunately, howevei, foi this 1 elation carefully planned 
expenments do not support the theoiy of specificity of the eytotoxms 
In my own woik on this subject, done laigely m this city while associated 
■with the University of Pennsylvania, I demonstrated that a true speci- 
ficity of nephrotoxms did not exist, that the production of autoneplno- 
lysm by injuring one kidney was doubtful, and that Aseolks claim foi 
a blood-piessuie-iaismg substance could not be confirmed These con- 
clusions have been supported almost uniformly by later mvestigatois 
Theie is, however, a phenomenon brought out by the investigation 
of neplnotoxic seia which remains unexplained and which I think is of 
peculiai intei est m connection with any discussion of the influence oi 
the noimal or diseased kidney on the functions of the bod} I lefei to 
the obseivation of Lmdemann that the seium of an animal suffenmr 
fiom an expeiimental potassium-chromate nephritis has the powei to 
pioduce lesions of the kidney when mtioduced into a noimal animal, and 
also to my own obseivation of similai lesults when the seium of dogs 
with spontaneous nephutis 01 of those with lesions due to neplnotoxic 
immune seium as also noted by Bieny, aie mtioduced into normal dogs 
Such injections cause the excretion of albumin and casts and histologic 
changes m the kidney These observations, which, so far as I am aware, 
have nevei been questioned, indicate the piesence m the serum of a 
substance foimed anew dining a nephutis, 01 accumulating as the icsult 
of letention and, tlieiefoie, of gieat impoitance fiom the point of mow 
of chemical conelation The phenomenon is quite distinct fiom that 
of the action of a substance pioduced by immunization as it lepiesents 
picsumably the action of a substance lesultmg fiom tissue de=truetion 
01 iaultv function oi both 

hhei since nn first expenments on this subject m 1003 I hare in- 
tended to lake up this pioblem moie m detail, but hare had no nppoi- 
tunit\ until the obligation of niakimr tin* addies=: foiced ii on me 

V. v_ 
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E\pcmnenls along ilio goncial lines ■nigge'ded I hate earned out m 
association vith Pi IT P Sa\\\ci Tims fai m om investigations ve 
hate made lime ob=cnations conceining tlic nephiotoxic action of the 
sci uni of animals villi nepimlis 4 Two out of ilnee dogs lccening the 
seium of animals villi inaniuni neplmtis and fom of five lecemng the 
chiomate of potassium seium have gnen po^itnc iesult« The seium 
of a spontaneous neplmtis gaie a positive icsuli m the one experiment 
m uhich it uas tiled In all instances the animals ueie isolated for 
some time pievious to infection and then mine eaiefully examined foi 
albumin and casts As I have shovn elsevhcie. this precaution is veil 
impoitant m mow of the fiecpicnet vith uhich spontaneous neplmtis 
occuis m the dog The seium was miected eithei into a tem or into 
the peiitoneal camp m doses of ten to foil} cubic ccntimcteis The 
elimination of albumin vas definite but usualh m small amounts In 
but tvo expeinnents could it be estimated In the Esbacli method amount- 
ing m one expenment to 0 25 pei cent , and m the otliei to 1 o pei cent 
Casts appealed sometimes on the fust da^, but moie fiequently on the 
second and ueie accompanied b\ numbeis of lenal epithelial cells and 
usually b} a feu* uliile blood coipuseles This condition of the unne 
lasted foi but a few dajs, as a lule, though sometimes the letum to 
noimal vas delaied foi a neck oi moie Conti ol expeimicnts uitli 
noimal seia weie negative 

Snnilai expel iments until labbiis hare been tiled, but uitli absolutely 
negative lesults The seia of labbits uitli chiomate uianium and spon- 
staneous nephritis, and of the neplmtis produced Iry meeting nephro- 
toxic immune seium have been injected into the eai vein m dose of 
five to tv eh e cubic centimeteis vithout the occunence of albumimma 

The possibility of earn mg over m the serum, m the expeinnents on 
dogs, minute amounts of the salts injected must be considered, but it 
has been impossible to detect these salts m the filtiate of the serum con- 
centrated after coagulation The tests emplo}ed, however, are not so 
sensitive as entnely to exclude the peisistence of these salts On the 
other hand, if piesent they would occur m such minute amounts that 
it seems impiobable that tliey r could have anything to do until the lesion 
described Certainly they appear to have had no effect m the expeinnents 
with rabbits 

The dnect action of these various sera on renal cells has been de- 
teimmed also by adding the sera to freshfy-piepared mixtures of kidney 


4 For completed stimy see Jour Med Eesearch, 190S 
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cells aftei the mannei earned out m the testing of cytotoxic immune 
seia Uo agglutinative 01 c^tohtic action was evident 

The veiy definite pin siologic distuihance seen m these annuals m 
\ iew of the expenence of Lmdemann and Bieny, give a definite ba>-n 
it appeals to me foi assuming that the seium of dogs with neplmtn 
contains neplnotoxie substances In view liowevei, of the negative ex- 
peiiments with rabbits it is manifestly impossible to assume that the 
seium of man also contains these bodies duiing the couise of neplnitis 

STUDIES OF EDEMA 

Most lecent imestigations of edema have had to do with the question* 
of salt letention and vatei balance — problems to which puiely plnsical 
methods may be applied The lecent studies of the edema of uianium 
neplnitis, and especially of Hemeke's observations on the appaient powei 
of the seium of an animal poisoned vnth uranium to pioduce edema, 
opens up, on the othei hand, the possibility of an explanation of some 
phases of the pioblem by chemical conelation 

Uianium neplnitis, m labbits at least, is accompanied, a* hist shown 
bv Bichtei by a well-maiked edema of the subcutaneous tissues and 
lndiops of the pleuial and peritoneal cavities — a condition which does 
not obtain m animals poisoned with clnomic salts, canthaiichn aloin 
and othei lenal lintants Of greatei mteiest fiom the point of view 
of chemical conelation is the obseivation that the seium of an animal 
with uianium nephritis, when mtioduced into an animal with a clno- 
mate neplnitis, causes the development of a well-maiked edema Tin* 
phenomena fiist obseived by Hemeke and since contained b} Blanck 
who, howetei, finds it to be not a constant occunence, suggests that in 
addition to the piesence of nephrotoxic substances m the serum oi 
animals with neplnitis, tlieie mat also occui substances winch hate an 
injurious effect on the somatic endothelial cells It, therefore ofieis a 
new method of experimentation for determining the relation of lndienua 
to renal injury and endothelium destruction m the pioduction of edema 
Two explanations seem possible eithei the letention as the lesult of 
the kidney msufliciencv, of substances winch act as hmphagogues of the 
second ordei . or the injurious action on the endothelium of =ome sub- 
stance 01 substances causing an alteration m its permeabilih to fluid- 
In this connection it is impossible to £o into the question of tin 
mechanistic teisu* the vitalistic theories ot lymph fomiation It i- 
mllieient to recall that of the latter theone= Ueidenhain* a- wUl a- 
Ilambunrer* assumes an inciea=ed actiuh of the endothelial cell- 
caused b\ katabohe pioduct* and that Lazai us-Bailow and \*hci b f h*_«r 
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also in the influence ol cell action, but of the cells of the oigan lathci 
Hi an of the cndothclm L.i/ai us-Bailow fuitliei emphasi/cs the influence 
of uasfc pioducls And cuen Stalling who suppoit s the puieh physical 
theon, assumes an alteied peimeabiliti of the endothelial membiane 

In connection with the c e theoiics of the pln^iologi of ljmph secie- 
tion we have ceitain news conceinmg the pathologic «ecietion of lvmpli 
wdnch point to vnsculai mpnj as an nnpoitant factoi Colmhcnn and 
Lichtheim, m then well-known expenments on the pioduction of 
Indicium plethoia, found that the injection of laige quantities of salt 
solution into the icm of labluts and doge, although it led to ascites and 
edema of the internal oigans, did not came edema of the nonnal skin 
and subcutaneous tissues but if the skin was nutated, as by exposuie 
to the sun painting with lodm, 01 nnmcision in hot watei, local edema 
of the skin alw'axs followed tiansfusion Jbom these expeinnents Colm- 
lieim concludes that the mild nutation of the skin caused an alienation 
of the capillaix walls which made them inoic penneable foi the fluid of 
the liydiennc plethoia Suppoit of this theoiy is ofleied bx the expen- 
nients of Magnus, who found that edema of the skin occuis in tiansfused 
animals if pieviously aisenic, which phaimacologists considei a specific 
poison foi blood vessels, is injected, 01 if animals aie in deep anesthesia 
fiom cliloiofoim 01 etliei Magnus also found that m nephiectomized 
animals tiansfusion, if piacticed within a daj oi two, leads to anasaica 
Similai lesults have been obtained b> Albu Closely i elated to Cohn- 
lieinTs theoiy of lenal edema is that of Senatoi The difleience is that 
Colinlieiiii assumes that the alteied peimeability of the capillaiy wall is 
due to the action oil these stiuctuies of toxic substances not eliminated 
as the icsult of the lenal insufficiency Senatoi assumes that the edema 
is as much pnniaiy as is the xenal lesion , and that both aie caused by 
the same toxic agent affecting the glomeiuli of the kidney as xvell as the 
vessels of the skin, the toxic agent having its ongin m the pinnaiv 
disease, as scailet fevei and malana 

My own expeinnents have had foi then object the pioduction of 
edema by the admmistiation of substances which would not only pioduee 
a lenal lesion but also mjuie the vessels of the body geneially, but 
moie especially the object has been to demonstiate ultimately the pres- 
ence of endotheliotoxic substances m the seium of animals with expen- 
mental nephritis — that is, to find suppoit of Cohnheim’s theoiy lathei 
than Senators foi the fonnei is of gie atei mteiest fiom the point of 
view of chemical eon elation 

Observations of this kind with seia aie few r m niunbei Ileineke’s 
experience wuth the seium of uiamum animals has been cited This 
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seium, flora, animals with edema, injected into animals poisoned mill 
clnomic salts^ which, m Ins expenence, do not cause edema, pioduccd 
liydiops of the plemal and peiitoneal cavities His expeinnents weie not 
icpoited in detail but bate been eonfiiined by Blanck who, liowecer 
found that the condition could not be xepioduced constant!) 

In a latei study with Met ei stem, Hemeke lepoits the pioduction ol 
edema m 61 pei cent of the animals lecemng manium seium mtia- 
uoncou«h but he also found edema m 60 pei cent of those lecciunir 
noi mal labbit seium In all instances the animals had been poisoned 
j oi fom to hie davs witli potassium bicln ornate and had lecened waloi 
and sodium clilond bv tlie stomach-tube As this tieatment m absence 
ol seium injection did not cause edema, it is suggested that the seium 
m both instances had some lnjui ious effect on the blood vessels 

In this connection should be mentioned also the obsenations of Ivast 
and of Stalling on the ljmphagogic action of the seium of edematous 
nephntics when injected into animals Kast injected into the icm of 
a dog se\ cut} -five cubic centimeteis of the seium of a teiy edematous 
mdiMdual suffeimg fiom chiomc hemonhagic ncplnitis and found the 
flow of lunph to be mei eased ten-fold Seia fiom two otliei nephntics 
with edema mciea«ed the flow thiee-fold and two-fold lespectivel}, while 
the seium of nonnal individuals and of nephntics without edema ga\e 
no Jesuits, as was also the case m one instance each of inemia and cauliac 
diopsi Stalling lepoits a single expenment on the dog in which it 
was obsened that the seium of a uiemic indiudual caused a maiked 
quickening of the flow oi lunph fiom the thoiacic duct 

In 1113 own expel intents, in oidei to detennme if any 1 elation e\ist= 
between uasculai nijuiy and kidnej lesions m the piesence of lmliemia 
i alibits bate been tieated with substances known to be both lenal and 
lasculai poisons and Indienna has been pioduccd by mtioducing b\ a 
stomach-tube consideiable amounts (100 c c ) of watei In other expen- 
ments a specific lenal poison has been admmisteied fast and later a 
ui«inilai poison oi vice ^isa The substances used have been the =alt= 
ol chiomium and uianium, aisenious acid iicm snake \enom and nepli- 
ictoxic immune seium 

The most impoitant expeinnents thus fai completed ha\e been tho-e 
with ai=enic and neplnotoxic immune sera Ai=emc a lenal and \.i- 
culai poi=on gixen m the absence of lmliemia. pioduces a local edema 
about the point of injection which is not obsened m -nnple eliminate 
poisoning and indicates the toxic action of anemic on the blood \cssfl- 
When accompanied b\ daily administration of 100 cubic rintmiron 
of watei b\ the stomach-tube theie is ob=cned a ddfu-e c r elatinou= ed< ma 
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of the subcutaneous tissue of the abdomen with fluid m the thoracic and 
abdominal caulies While this lcsult indicates the necessaiy presence 
of hjdienna in the pioduction of edema, it also indicates the influence 
of a diffuse vasculai poisoning Diffuse edema aftei the use of a sup- 
posedlj specific icnal poison, as chionnc salt, I lia\c observed but once 
It is, of couise, the usual occuuence aftei the use of uianium, which is 
supposed to act as a lasculai a= veil as a icnal poison 

Peculiaih mteiesting lesults ha\c been obtained by the mtiavenous 
and mtiapentoncal mieetion of nephiotoxic immune seium into rabbits 
suflenng fiom chi ornate ncphiitis Contiol expeiiment-s had shown 
that while noimal dog's seium, which is slightly toxic for the rabbit, did 
not cause edema m lablnts lecemng a large amount of watei by the 
mouth, it did pioduce m chi ornate labbits, lecemng the same excess of 
water edema about the uietei and the pelvis of the kidney and in the 
mucosa of the bladdei As the localized edema was due apparently to 
the w r ell-known toxic action of an alien seium affecting apparently the 
icssels along the path of elimination, the attempt was made to mciease 
this toxic action b) pioducmg a nephrotoxic immune serum This w r as 
done li 3 r injecting seium from the washed kidners of labbits into the clog 
Such a seium as is now well known, is not specific m its action, m 
addition to the nephiotoxic pow r er it has also hemagglutinative and hem- 
ohtie piopeities and affects also, tlnough these activities, the vessels of 
various organs These lattei propel lies w r eie those most desned The 
seium injected into chromate rabbits, lecemng daily 100 cubic centi- 
meteis of water, caused unifoimh edema of more or less extent In one 
instance the subcutaneous edema involved not only abdomen and thorax 
but all four legs The pericardial, pleural and abdominal cavities con- 
tained large amounts of fluid, and the retrosternal and mediastinal 
tissues and the fat about the pelvis of the ladnej's weie diffusely mfll- 
tiated 

To contiol this observation the same seium was injected into normal 
rabbits receiving an excess of water, with no results except a model ate 
but very definite edema of the retrosternal tissues, with m one instance 
a small amount of fluid m the pleural cavities 

A shorter series of experiments along the same general lines, except 
that water w r as not administered m excess, were made on dogs The 
animals were w r ell supplied with water, but none was administered by 
the stomacli-tube In none was it possible to produce edema 

These experiments are as yet incomplete and I am not prepared to 
diau r definite conclusions They confirm, of course, the general opinion 
concerning the relation of hydremia to the kidney lesion m the produc- 
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lion of edema, and to m3 mind point very strongly to the mipoitant paii 
pla3 ed by vascnlai poisons The application of data denved fiom animal 
expei iment to luiman pathology is not alwajs safe, but these observa- 
tions uould appeal to support the supposition that toxic substances 
accumulating m the blood may aid m the production of edema by an 
mjuiious action on vessel endothelium 

In conclusion, it is evident, I think, fiom this critical review and 
fiom the expeiiments which have been piesented, that there is little to 
suppoit the older theoiy of the internal seeietion of the ladne} r , but, 
on the other hand, much to indicate that the application of the theoiv 
of chemical correlation to the pathology of clnonic nephritis may aid in 
elucidating many doubtful phases of tins disease The evidence of such 
conelation, although not conclusive, is sufficient to wairant the utiliza- 
tion of all experimental methods, but especially those of physiology and 
biologic chemistiy. m the hope of eventually adding to our knowledge of 
the obscuiei punciples concerned m the production of the important 
legions associated with clnonic diseases of the kidney The presentation, 
111 an oiderly manner, of the possibilities of investigation m this teiri- 
ton and of some of the methods of attack have been the principal objects 
of this addiess 
Bender Laboratoiy 
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HISTOPLASMOSIS A FATAL INFECTIOUS DISEASE RE- 
SEMBLING KALA-AZAR FOUND AMONG NATIVES 
OF TROPICAL AMERICA 

SAMUEL T DARLING, MD 
Chief Board of Health Laboratory 

ANCON, CANAL ZONE, PANAMA 
INTRODUCTION 

Histoplasmosis 1 is a teim applied to a fatal infection by a piotozoon, 
ffisio plasma capsulaUnn, which has been encounteied thiee times during 
the past two and one-half yeais m Ancon Hospital, Canal Zone, Panama 
Clinically and pathologically the disease is suggestive of kala-azar, 2 a 
disease of India chaiactenzed by nicgnlai fevei, emaciation and 
splenomegaly and by the piesence of the Leishman-Donovan bodj r m 
the tissues The mieio-oiganism lesponsible for the Isthmian infection 
is different fiom the Leislnnan-Donovan body, sufficiently so to valiant 
its being placed in a diffeient oidei 

The condition was not discoveied until the autopsies, and chiefly 
on that account cultural expenments weie unsuccessful and clinical 
data meager 

HISTORICAL SKETCH 

Cunningham published m 1SS5 an account of bodies found m the 
tissue obtained fiom a Delhi boil Cunningham’s technic was ciude 
md the bodies measuicd 8 S to 12 6 microns — altogethei too laige to be 
ihe bodies desenbed latei by lYnglit m a tiopical ulcer called “Delhi 
soie v 

In 1903 J II lYnght 4 desenbed nucio-oigamsms found m smeais 
and sections of tissue fiom an ulcei of the cheek The patient v r as a 
native of Aimenia nine years of age The ulcer had made its appeal - 
ance some two oi thiee months befoie the child left Armenia 

“The lesions consist essentiallv of a vei}' extensive infiltration of 
ihe conum and papilla bv cells accompanied b} atiopln and di c appeai- 

*Read m the Section on Pathology one! Physiology of the American Medical 
Association at the Fifty ninth Annual Session, held at Chicago June 100S 

1 Dirlnur, S T Marc land Med Jour April 1107 

2 Roceis Leonard Fevers m the Tropics Oxford Med Pub] , London, 190S 

5 Cunningham D D Scientific Memoirs bv Modn ll Ofilar- of the Arm;. 

of India Part I (1SS4) Calcutta 1SS"> 

A W rurht J 11 Jour Med Re-iarch Deeombr>r, H'O 5 \ nr a series •v 
472 4SJ 
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once of the epidemics ol the pail The infiliialing cells aie plasma 
cel!^ \ aiiou*. kinds of lymphoid cells and laige cells Midi single vesiculai 
nuclei and a lclatneh Inigo amoiinl of citoplasm m which aie laige 
mnnbci's of mieio-oiganisms 

“The mi ci o-oi gan i sms m smeais aie gcneialh lound shniplv defined 
in outline, and two io fom mieions in diametei A laige pait of ilieir 
penplieial poition is stained a pale lobbin « -egg blue, while ibeii cential 
poi lions aie unstained 01 white A acia pi eminent fealme is the 
pic«enco m each of the bodies of a laigei and smallei lilac-coloied mass 
The laigei mass is about onc-tomth 01 one-thnd die si/e of the bod) 
is of Amiable shape but alums foims a pait of the lounded penphei) 
oi the bod) 

“The blue penplieial poi lions ol the bodie 5 me usualh slimph de- 
fined hom die cential unstained poi don and sometimes show small 
unstained aieas A few of the bodies mo oial 01 elongate m foim v 
Wnght pioposed the name Jldcosoma iiopxcum foi the pmasite 

Majoi Leishman r ’ R A M C , descubed in Mai . 1903, ceitam small 
oral bodies obtained fiom autopsy spleen smems in a case of chronic 
dA c entei)j cachc\ia and low fevci Leishman bad obsened this body 
hist m 1900 The patient bad conti acted the disease m Dum-Dum, nem 
Calcutta and died m London Leishman desenbed the bodies as being 
round or oval, and two to tluce nncions m diametei When stained by 
the Rownnonow sk) method thee weie lound to contain two masses of 
chromatin, a laige enculai mass oi img and anothei smallei mass 
usually m the form of a slioit rod set peipendiculaih oi at a tangent to 
the cncumfeience of the laigei mass The outline of the bodies con- 
taining these tivo masses w'as faint]) visible with the stain They existed 
m laige number m the spleen cells In Majoi Leishman's opinion the 
bodies Avere residues of trypanosomes 

In July, 1903, Captain Donovan, 0 IMS lepoited having found 
the same bodies m autopsy spleen smeais fiom tlnee consecutive eases 
said to have died of chiomc malaua m Madias Latei he recovered 
them fiom the spleen of a boy suffenng with an irregular fever 

Marchand and Ledmgham 7 published m 1904 an account of a case 
of kala-azar 2 m a Geiman solchei yho bad become infected Avhile AVith 

5 Leishman, AV B But Med Jour , 1903, 1 , 1252, 1903 n, 1370, 1904, 
l, 303 

0 Donoian, C But Med Join , 1003, n, 79 1401 Indian Med Gaz, 1904, 
p 321 

7 Marchand and Ledmglnm Ztschi f Hyg u Infections — ki ankh , May, 
1004 
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hi* i cgnncnt m China and who died m Leipsic Maichand obscised the 
bodies in the tissues m this case late in 1902 oi eaily in 1903 

Ronald Ross 8 has contubnted to om knowledge of kala-azai and the 
Lcnhman-Donosan hod's, and has named the lattci Leishmania Don- 
oi am, belies mg it to belong to a new genus of Spoiozoa 

Las ei <m° examined Donosans piepaiations and placed the oiganism 
with the Pu oplasmaicij calling it Pn o pi asm a Donoiam 

Stiong 10 m 1906 descnbed an mtiacellulai bods found m a tiopical 
ulcei m Manila that body mas belong to the gionp descnbed heie 

3310 zoologic status of the Lei*hman-Donox r an bods was moie closets 
defined bs r Leonaid Rogeis, 11 who succeeded in cultis T atmg the bods m 
ciliated blood Jiom a spleen punctuie m the cold The bodies became 
flagellated Rogeis’ cultinal ssoik has been continued bs Chnstopheis 12 
Captain Patton,” IMS, has made the highls’ impoitant olneisa- 
t ion that dcs'clopmg Leisliman-Donosan bodies m all stages may be 
tound in infected bed-bugs Cime'i loiiuulaiu •? ( C macioccpltahis ) 
lie ha* aho added to om knowledge of flagellate* lesembling the 
Lei*hman-Donosan bods bs Ins ie*eaiches on IIci pdomonas paiasitic m 
insect* Captain Patton 14 ha* *hossm that a heipetomonas of Culc% 
pipicns has a stage cxactls r *imilai to the human stage of the paiasite of 
kala-a/ai and anothei heipetomonas 13 in the Lsgaid bug Lyqanm 
millions (Fabi ) which is almost identical with the pamsite ot kala-azai 
This paia*ite pa«*es its complete cscle m the intcMinal tiact oL the bug 
On Docembci 3 1903, 1 peiionned an autopsy 10 on a lictu o Mai- 
tmiquan, who had died at Ancon Hospital Canal Zone, Panama On 
examining * meais fiom a pecuhails white atspical tubeule m the Inner 
and horn the =pleen hsei and bone manoss I obseised an interne mxa- 
*icm of laigc endothelial-like cell* bs email lound oi osal micio-oisrannm* 

8 Bon ild Blit Med Join 190 5 h 1201 mul 1401 1904 i 1049 

9 l»v\eian A uid McmuI T Conipt lend Sot do lnol Pu 1904 c\\\mi 
9") CXWMll 1ST 

10 Stroii", B P Philippine Jour Sc 1900 i, Xo 1 

11 Bo<»eis Loonaid Lancet London Juh 29 1904 n Quut Join Mi<ro« 
St Xounibei 1904 \1 

12 Chii'tophei* S B Scientific Meiuoii' h\ the Officer* of Moduli *uid 
*M!iitm Department* ot the Go\eininent of Intli i, Calcutta 190S new 'trie- 
Xo IS 

1> Pitton SS S Stientifie Memoir* 1>\ Officer* oi the M* di< i! md v 'Miitu\ 

Dipartment* of the Goaernment of Indn neat mtu* Xo- 27 and 19 

It Pitton SS S Brit Med lour 1907 n 7* 

IS puton, \V ** Pei ~nntl eonimuim ition to ipp< u in Attfi of Pu i- it* n 

1 lUlde 

In Dulina * 1 Tout \tn Mtd \"ii 190n \l\j 12*’ 



110 


TJ1HTOVL 4 S MOSIS 


The bodies had definite lcfiactile penpheucs and then internal stiuc- 
tuie was not nmfoim ox homogeneous They 11610 about three micions 
in diametei 

Tins was the tn^t time m tlie New Woild tliat an oigamsm of this 
t>pe had been found lcsponsible foi a fatal infection in a native of the 
New Woild, and. so fai as I have been able to learn the organism de- 
scubed heie and in two pielnmnary lepoits has nevei been seen 01 
descubed heioie itfa] Ronald Ross icgaids it as a pioto^oan oiganism, 
lesemblmg somewhat the Leishman-Donovan bod}, but differing from it 
chieflv in not eoiitaming the clnomatin lod usualh seen 111 the Leisliman- 
honovan bod} W11 gilt's Ildcosoma iiopicum was obtained fiom a 
native of the Lei ant, lecently aimed in Boston 

account or TiiRrn cases 

Cask 1 — Patient — C D, Hospital No 7715 Negio from Martinquc, aged 
27 , occupation carpenter, residence, Parniso, a village in the Canal Zone 

History — The patient had been a resident of the rone three months While 
in Martinique lie had suffered fiom some mental disturbance His present lUness 
dates from Sept 15, 1905, when he complained of fcier and xomitmg 

Condition on Admission — On entering Ancon Hospital Dec 5, 1905, mildly 
delirious and incoherent Lungs clear Abdomen scaphoid Spleen enlarged 
Blood negatne for malanal parasites, leucocytosis 2,200, hemoglobin, 00 per 
cent (Dare’s) Feces negatne Temperature On admission, Dec 5, 1905, 
12 30 p m, 101, pulse 120 December G, S a m, temperature, 95, pulse, 96 
4pm, temperature, 9S , pulse, 100 

Autopsy — The patient died December C, 11 30 p m The autopsy was made 
on December 7, 8 30 a m 

Macroscopic and Microscopic Examination — Body of negro, moderately emaci- 
ated, length, 5 feet, 8% inches, inter-nipple distance, 7 3-1G inches, rigor mortis 
was plus The odor on opening the tlioiax was suggestive of pulmonary tuber- 
culosis The right and left pleuia were free There w r ere liumeious red blotches 
(ecchymoses) beneath the visceral pleura of both lungs, 8 mm in diameter Many 
small nodules could be felt under the visceral pleura The lungs on section were 
found studded with pale gray hyaline miliary tubercles from 2 to 3 mm in dia- 
meter The lungs were heavier and more voluminous than normal The tubercles 
were not as closely packed or as numeious as is often found in miliary tubei 
culosis, and the general color of the lungs w r as bright red The peribronchial 
lymph nodes contained a few small soft recently caseated tubei cles The nodes 
were enlarged and pigmented The heart was small and normal The liver was 
enlarged and pale, and there was slight atrophic cirrhosis The spleen was 
enlaiged to three times the normal in size, the pulp w r as very firm The Mal- 
pighian bodies w r ere distinct Here and theie were a number of small yellow 
nodules resembling tubercles In the kidneys there weie a few depressions m a 
cortex diminished to 8 mm m depth The pancreas and bladder were normal, 
ind the rib bone manow normal and dry Examination of the brain showed the 
nia-arachnoid slightly edematous and moie generally adherent to the cortex than 
normal The caharium was very thick Several specimens of TricocepJialus 
disnar were found in the cecum There were a few small superficial circular 
from 2 to 4 mm m diametei m the cecum and ileum The mesenteric 
Jvmph nodes and those at liilum of the spleen weie enlaiged and pale 
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Baclcriologic Examination — Spleen smears •were negatnc foi malarial pant 
silos or pigment Oval and round bodies -were free in tlie plasma In the nh 
bone marrow smears, there were traces of lntracellulai malanal pigment A 
number of bodies similar to those in the spleen Mere seen In lung smears 
tubercle bacilli Mere absent There Mere myriads of intracellular and extra 
cellular bodies similar to those found m the spleen and the mairow A moist 
eoverslip prepaiation from the intestinal ulcers shotted motile amebas 

Anatomic Diagnosis — Acute miliary tubeiculosis, pulmonary type Tubei 
culous lymphadenitis, peribronchial Chrome mleistitial splenitis Atroplm 
oirihosis Chrome interstitial nephritis slight Lymphadenitis, mesenteric 
Chiomc leptomeningitis Edema of pia-aiachnoid Ulceiatne enteioeoliti" 
Amebiasis General infection by protozoon 

T lie micro organism Mas not discovered m smears until later in the day, aftoi 
the anatomic diagnosis had been made 

Appeal ancc of the Paiasitc m Smcais — Lungs Tins specimen u r as stained hi 
caibolfuohsm and Gabbet s methylene blue, overslaincd Math polychrome methylene 
blue and difToi collated Mitli eosin The polyelnome blue Mas piepaicd as follow*' 

gm 

Methylene blue, pine medic Grub 1 

Sodium caibonate, puie 5 

Distilled Mater ^ 100 

This Mas placed m the thermostat one week, and kept at loom temperatuic 
foi six months The excess of blue M r as removed by Maslnng the smear alter - 
natoly ttitli alcoholic solution of eosm (0 5 pei cent m GO per cent ethyl 
ileohol) one second and distilled Mater a few seconds, until the internal structure 
of the parasite showed plainly The paiasitc was oviform or round and was 
sui rounded by a clear, lcfiactilc, non staining rim, in thickness about one 
sixth the diameter of the parasite This refractile rim was present in all 
smeary whether previously treated with acid blue or not The structure was 
not homogeneous, but consisted of a faintly staining substance and a deeply 
staining one, a clear space or spaces, and chromatin granules The chiomatin 
granules were generally single, sometimes two oi more were counted One large 
parasite appealed to have six such dots of chiomatin The granules were often 
situated m a cleai non staining zone at one side of the darkei staining substance 
at other times they weie situated on the maigin or within this substance, and 
aLo frequenth appealed in the clear retractile capsule The chromatin granule' 
weie gencialli' dot shaped, aery rarely elongated Occasionally' two chromatin 
dots pi iced together simulated a rod form 

The clear spice or spaces lesombled vacuoles, at times they' resembled the 
cloir non stalling spaces seen m filaria embryos and trypanosomes The staining 
substance almost enlirch filled the capsule or retractile rim of the parisite The 
uiculir contour of the staining substance was at times broken on one c u3e by tin 
clear non staining zone 11ns zone varied in shape, size, ind m its relation t< 
the stalling substance, being circular, oval or irregular in form being thru 
lourths the size of the entire parasite or at times barelv perceptible on account 
of its lmnutenc'S being unlrallv locited or eccentric and being <-mgle or 
multiple — two or three 

In sj/e the pansitis More from one to foui microns through their great' s{ 
di under, eoniinonlv this diameter was three microns 

Tne partite nppcired to divide bv fission into tv o equal or unequal clement' 
One mrasite appeared to Ik 1 dividing into four equal clement' S' oral par'-itu 
with chromatin dot' 'iitured through tin lr Mib't’iiU' ippi ann pr« ague nt 
lag belie' nodv to divide into bve or mx chimiit' Oi . ('ion til v a ' i >1’- *■ p rt 
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^ile might bo ^con close beside n l.ugei one .is tliougli sopm a tmg fiom it tlio 
‘•mallei one being about one iniuon in dinmetei 

-\Hhoitgh oi al oi lottnd m outline, tlu* ‘•taming substance togetliei with the 
ileni, non staining /one and thioinalni gianules, gaie a inning pictnie, depend- 
ing on the point of new Fonns suggesting the .ippcuianee of familial object*, 
stub as the eie a shield, a (ouch _shell a bullet, oi a shuttle were seen Hie 
lesemblance of the deeph staining substance m eeitain parasites to a manmnlian 
embno in “fetal attitude’ was ion stnking 

In the lung smeais the pain site was appaientli alwai- iniiacellulai and the 
cells contained fiom ten to one bundled oi innic paiasites Tlie appeuniiee of 
ficc painsrtes was piobnbly due to the squeezing and lueaking up of infected 
epithelial cells In piessuie in making the smeni One unbioken aheolai epithelial 
cell occupied one thud the diainetei of the field (1/12 oil mi Xo 1 oe B L ) 
Paiasitas had minded the cell nucleus ns well as the cytoplasm, and it was 
estimated that this cell contained moic than thiee bundled 

Spleen and lib million stneais showed fewei paiasites, two oi thiee to c 
field, and tliei appealed to he extiaeellulai The nucleus of a spleen oi inaiiow 
cell appealed now and then to haie been nnaded Bach p.nasite had a definite 
lefiaetilc mn as m the lung smeais and its internal stmctuic could be well 
made out Bed blood eoipusdcs weie neiei minded 

Thiee tlngellated fonns weie seen in a lung smear The distal cxtieniili of 
one of the flagella contained a lod of ehiomatin placed at light angles to the 
Jlagellum, simulating the lelation of centiosomc to elnonintiii filament in Tup 
panosoma Lansi 'the flagella weie single, shoit and thick, without ehiomatin 
filaments, and weie enclosed hi the lefiaetilc capsule, continuous with that of 
the body of the paiasite 

Examviahon of Sections — Sections weie fixed in Zenkci s solution and stained 
by cosin and hematovs hn, Van Gicscn’s method, and polychiome methylene blue 
Lung The alvcolai capillaries weie toituous and engoiged with led blood 
coipuscles In places the ivalls weie bioken down, sti etched, oi gieatly dis 
tended Xo leucocytes weie seen ivithin the capillanes The epithelial cells of 
the aheolai ivalls was desquamating oi completely shed The aheoli weie seen 
to be filled with led blood coipuscles, geneially baling a washed out appeal ance 
led blood coipuscles and seium, oi led blood coipuscles, senun and laige swollen 
alveolar epithelial cells containing mani paiasites 

Polymoiphonucleai leucocytes weie laiely obsened in the aheolai contents, 
a feiv mononucleai elements weie noted Theie iveie no tubeicles The pseudo 
tubeiculous aieas weie made up of aheoli ivitli bioken, distoited, oi collapsed 
walls, containing many alveolai epithelial cells, distended by pai isites Small 
lessels oi capillanes weie seen to pass tlnougli the pseudo tubeicles but theie 
iveie no evidences of the hemonhages seen in other alveoli Within these aieas 
there ivere enoimous numbeis of paiasites geneially contained within epithelial 
ce ]] s — iaiely fiee The nuclei of invaded cells stained well though often moie 
faintly than normal The cytoplasm of badly infected cells was wanting, and 
there were numeious distended epithelial cells deioid of cytoplasm and paiasites 
The infected cells had a distinctly staining urn of cytoplasm, eien when then 
nucleus and cytoplasm was gone 

Lnei Tlieie weie numeious faintly staining aieas langmg m size fiom that 
of a single liver cell to those one-third the size of a lobule, m which the lnei 
cells and endothelial cells of the poital capillanes weie completely tiansfoimed 
by miading parasites In the largei aieas the cytoplasm and nuclei of the 
invaded cells had disappeaied or did not stain There was a mass of debus, 
embedded in which weie mynads of paiasites In places the lnei cells weie 
noimal m otheis they had suffeied cloudy change In these lattei localities 
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there appealed to lie a stasis of blood m the poital eapillaiies due to occlusion 
of capillaries hv enoimouslv distended endothelial cells filled with parasites 
There Mas a distinct pumarv mansion of Iner cells in places although oftonei 
it seemed that many Iner cells became imaded after thev had had then niitution 
nit off bv infected oaeihing endothelial cells 

Aiound the poital space the connectne tissue Mas lneieased in amount and 
theie Mas a lecent lound cell mfiltiation The bile ducts and then epithelium 
ueic normal 

Spleen The splenic spaces ueie gieatlv engoiged Mitli led blood corpuscles 
The connectne tissue Mas nioderaleh incieased its cells Mere SMOllen, clouih 
and .it times contained paiasites Tlieie was cloudy swelling of inononucleai 
tells m small areas here and there and many of these cells contained paiasites 
Jheie Mere also numerous free paiasites 

Lymph Xodc fiom TIthim of Spleen — The cortical follicles and medullary 
toids of the dense hmplioid tissue Mere, Mitli the exceptions noted beloM normal 
The capsule and reticulum tluougliout the node Mere tlie seat of degeneratne 
changes The lcticulum of the loose hmplioid tissue enclosed many large mono- 
nuclear cells possessed of distinctly staining nuclei and contained many parasites 
There Mere two cortical follicles and poitions of a medullary cold Minch had 
undergone clouda SMelling and neeiosis, annd the debus of Minch ueie mono- 
nuclear cells containing parasites The maigins of these areas showed beginning 
degeneratne changes many fragmented nuclei Meie seen as Mell as mononu- 
clear cells distended by parasites 

Pcnht onclual Lumph Xodc — This node contained seveial old fibiocaseous 
tubercles and one giant cell The lcticulum and capsule of the node were greath 
thickened in places A hmpli \es«el beneath the capsule contained monomule.u 
cells infected by parasites 

Cvsn 2 — Patient — G 13 Hospital No 0141 Negio fiom Maitinque aged 
20 occupation, laborer, residence, Coiozal, a Milage m the Canal Zone J lie 
patient complained of headache, aomiting and diarrhea It Mas not known how 
long he had been ill or how long he had been a icsident of the Isthmus He 
presented a wasted appearance IIis aisible mucous membranes were pale His 
spleen was palpable and lus thoiax negative He was admitted to the hospital 
Jm 0, 1000 Malarial parasites weie piesent m lus blood 

Cltntcal Couisc — During the first week aftci admission the temperature was 
irregularly continuous being about two degiees abo\e normal During the second 
week the temperature nine became regulailv remittent physical signs of pneu- 
monia on the light side «\eic appaient On January 20 the day of bis death, 
it was noted that the Iner extended two fingei «bieadtli below the costal margin 
Ihe spleen extended to a similar depth and both spleen and Iner were tender 
'I lie patient was conscious and coherent and complained of pam« m Ins legs and 
thighs He lav on his back with his thighs flexed and complained of burning 
«en«a(ions m his feet. IIis cahes weie tender on the slightest pressure and lu- 
p dollar reflexes were absent 

Autopsv — Tins was made Jan 30 1000 S a in join hours alter deith 
The l>odv was 5 feet 7 inches in length and much emaciated Rigor niorti' w i~ 
pins Rlem a free — nogatne Pe-ibionchinl hmphnodes cnlirged Pc ricardiinn 
nogatne Omenium contracted No pentonitis noted Lung~ The upper jnrt 
e»l the lower lobe- showed patchc - of broncliopre unionia Tlie aijijv r lob. = a* nr 

negntne Heait Mnnll tl Right bean oonsnkrnbh dilated Yah.- 

Jhg-ime mu-cle- light m eolor l,mr Normal m si/, color r< ddt c h bro n 
Adnual- an gat no Kidm\~ 'scum whit < nl lrgcd Tluir (ip'Ub- sirijq-d 
wiin » a-, and both wen imnli <.<ng.-t<-d 'spin n Fi\e tin*' it- rnnii'l -i,* 

l>ri" Inert w is m in. r. i- ( m u> i uro -tioun Its jmlp a- do p or.' a m 
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color and smcais contained rcstivo autumnal malarial parasites Intestinal 
tract The stomach contained considerable quantity of coffee ground material 
and the mucosa, while \ery pale, showed no indications of hemorrhage The 
intestines contained lound worms, whip worms, and New World uncinana worms 
Anatomic Diagnosis Bronchopneumonia , acute parenchymatous nephritis 
uncinariasis, ascarinsis tricoccplinlinsis, malarial fever, e a 

Smears from the spleen, bone mairow, liver and lymplinodes examined the 
following day showed numerous micio organisms similar to those seen m Case 1 
Histopathologij — Kidney The convoluted tubules weie gcncially distended 
The nuclei of the epithelial cells wcic swollen and did not stain deeply Here 
and thcie a nucleus was missing The lumen contained coagulated albumin and 
an occasional desquamated epithelial cell Some of the stiaight tubules con- 
tained lij aline easts The epithelium of the convoluted tubules was gencralh 
ilattencd not cuboulal The convoluted tubules were widely separated by a 
cellular exudation 01 proliferation The cells making up this exudate or pio 
lifciate had cosin staining pioloplasm and most of them had deeply staining 
nuclei, cccentiically placed Minute hemoirhages were also noted m these mtei- 
stitinl places The cells of the glomeruli and of Bowman's capsule were swollen 
and then nuclei were swollen and pale A few convoluted tubules showed col- 
loid degcneiation The vessels appealed normal Heart and pancreas Negative 
Spleen The splenic spaces vveic distended by red blood cells Numerous mono 
nuclear plingocjtcs containing malarial pigment were seen A few of these 
phagocytes were dotted with parasites The Malpighian bodies showed some 
disappearance of their lymphoid elements Liver There was a slight round 
cell proliferation, around the portal spaces and in small foci here and there 
The columns of liver cells everywhere appeared flattened and attenuated, but 
the capillaries were not engorged There appeared to have been a diffuse dis 
appearance of liver cells Thcie were some very small areas about the size of a 
dozen livei cells m which there was an almost complete disappearance of livci 
cells, the space being occupied by endothelial cells containing malarial pigment 
and occasionally parasites Throughout the section there was much malarial 
pigment enclosed within endothelial cells lining the capillaries Many of these 
endothelial cells w r ere distended by parasites ( Histoplasma capsulatum) as well 
as pigment From this section the earliest lesion was apparently that m the 
endothelial cell The areas of round cell proliferation — apart from those around 
the portal spaces — were frequently associated on one side by the small areas of 
necrosis containing parasites Some of these areas of necrosis extended outwnid 
from a portal space, others w r ere m the intermediate zone, while otlieis could 
not be oriented on account of the obscuration of the lobule outline One of these 
small areas, where the liver cells had disappeared, contained a typical giant 
cell with a muial arrangement of its neuclei on one side This giant cell was 
m the, intermediate zone of a lobule The giant cell was not a part of a tubercle 
and around it were no round cells, epithelioid cells, or nuclear fragmentation 
The structures m the portal spaces were normal In this instance the infection 
was a mixed one of the malarial parasite and Histoplasma capsulatum Adrenal 
Negative Lung The capillaries were tortuous and engorged with red blood 
cells The alveoli contained red blood cells and polymorphonuclear leucocytes 
m about equal numbers, also a few desquamated alveolar epithelial cells No 
parasites were seen Lymph Node The spaces of the lymphoid tissue contained 
numerous large mononuclear phagocytes — some with double nuclei — many of 
which had engulfed red blood cells There were no aieas of neciosis, the changes 
being hyperplasia of large and small lymphoid cells No parasites were seen 

m the section 
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Case 3 — Patient — Fu Mas, Hospital 2STo 17,184, aged 55, a natne of 
Canton, China, admitted to Ancon Hospital, Aug 9, 1900 

History — From Ins closest friend the information was obtained that the 
patient came direct from Canton, China, to the United States He had been 
living on the Isthmus during the last fifteen yeais, In mg at Bocas del Toro, neai 
Colon, four or fne jears of this period About six months before lie died he 
was employed in a little shop neai the hospital buildings at Mirallores He had 
Incd there fne months when he removed to Panama one month before his death 
His friend said that the patient had been going down hill physically for the 
fne months preceding his death, that he had had fever, chills, slight emaciation, 
and that no djsonteiy or cough had been noticed There had been no pigmentan 
changes of the skin oi changes in the ban noticed, and so far as he knows tlieie 
was no bleeding of the gums, but there had been some loss of strength 

ChmoaJ Course — His temperatuie on admission was 102, falling to 97 5 the 
following morning Ills pulse ranged from 9S to 120 and the respirations from 
38 to 30 The hemoglobin was estimated at 70 pei cent His blood w’as other 
wise negative In the afternoon of August 10 imolimtary urination w T as noticed 
The patient was said to hare been m a peculiar coma, and slept all day, but 
could be aroused Died, Aug 10, 1900, 11 05 a in 

Autopsy — Aug 11, 1900, eighteen boms aftei death Body of male Chinese 
Hair cropped short Modeiate pitting of feet, legs, thighs, lower abdomen and 
left side of face, which lattei w T as congested Rigor mortis was absent Theio 
weie three or four raised recent broad papules S mm in diametei on the left 
aim, outer aspect External genitalia nonnal Sciotum not edematous Sub 
cutaneous tissues slightly edematous Muscles of eliest, abdomen and legs reij 
pale Sarlorius muscles a dull giay color The knee joints normal Lungs 
Voluminous and the pleura free Right and left uppei lobes and middle lobe 
contained a few laised hyaline dense areas lesembhng tubcicles They were 
from 2 to 0 mm in diameter and were often irregulai in contour and elongate 
They were alwajs suiiounded by a raised hemorrhagic zone about 4 mm m thick- 
ness Ihe peribronchial lunph nodes were slightly enlarged, pigmented black, 
and contained no tubercles Pericardium normal, containing about 30 cc clear 
fluid Heart Rather smnll and flaccid, vahes, normal, musculature dull brown 

color Li\cr Enlarged, capsule smooth Organ presented a unique appeal ance, 
due to a grajish jellow arbore«cence The limbs of the arboicsccnce were 4 mm 
in diameter and apparently followed portal radicals Their centers weie graa 
their peripheries rather acllow Ihe areas contained only foui or six limbs, but 
were soatttcred tliiekh throughout the entire organ sate m one portion of the 
In or near the filciform ligament about 1G c c elongate anteropostoriorh There 
was much fatty infiltiation of the parenchyma The gall bladdei was noimal 
The poital ljitiph nodes were enlarged, pale, jellow, slighth edematous nut 
friable Spleen Enlarged, long and relatnelv narrow , its pulp was firm, 
friable and dark red in color Malpigluan bodies indistinct Cap=ule smooth 
md ton«o Kidnr\s and Adienals Xegatne The peritoneal surface of the 
siemoid flexure descending colon and perirectal peritoneum near Poupart - ligt 
nunt w is intenselv pigmented black m spot® Aorta Xornul Teste® Normil 
The colon cont lined about twentj four small G mm round pigmented area® ot 
hiporplasn and ulcention Small Intestines The rntm ileum and lowrr 
two third- of the jejunum cont lined altoerther about .10 ciuumscribcd area® of 
h\ptrplasia infiltration, necrosis, ulceration and hemorrhage Tam were ‘■fun! 
stag,® to the proto-® j .V pigmented rai-cd nroi fhc to h\ nun \ ilhotii 
uleorifion 2 'Ihe -ime with much infiltration of periphen 3 Nerrou- 5 
lb ix lit uk,riUon with fr<®b blood clotted on me surficr of tU ulur (S ren ) 

5 A pick<r<d pignnntid -cm S mm in d, lmcter 1 }, e m< -em< r ic Prnph r' b- 
w« r e sol ippuviabh nltrucd ’1 lie po-tpr ntoncal In ip* 1 w- ioi * a! irg 1 
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ind weie cimil.u to the poil.nl nodes The uppei jejunum, duodenum, stomach 
uid esophagus weie noimal The cahimum Mas thin and the ciamum markedly 
hi aeln cephalic in type Bi tin Palo noini.il Aoccssoi^ sinuses, noimal 
Smeais fiom hvci, intestinal uleeis md spleen, contained 111am histoplasma 
bodies 

Conic of Death — Piolo/oon inaction — histoplasmosis 

11 ulopathologi) — Ividnev 'Jheie Mas some edenn The epithelium of the 
irmonited tubeicle Mas SMOllen and m places desqu imatcd and cloudv Most of 
the nuclei failed to take the stun Main of the tubules contained giamilar 
dfbus desquamated epithelium and occasionally a li> aline east Thcic Mas a 
slight meicase in the intei tubulai connect no tissue and in Bom mail s capsule 
'the space between the glomemlus and Bowman’s capsule fiequcntly contained 
a laige amount of coagulated albumin 

Ln ci The section showed extensile dcsiiuclion of the paienchjnn bv 

coagulatnc neciosis Inning a icticniated (linrnctei and the leplacement of 
those aieas of neciosis by eonnectne tissue old and newly founed Tlie cells 
of the lattei showed an extensile mission b\ the micio oigaiiism many of the 
cells contained tlmty or foitj pniasites The pioccss ivss so extensile that e 
zonal nnnngcnient could not positnely he made on! The oldoi and more exlen 
‘•ae aieas of neciosis and leplacement appealed to be in the poilal spaces, where 
the uens of eonnectne tissue weie frequently broader than a lner lobule The 
aieas of coagulatnc neciosis vnned m si/e fiom two or tlnce Inei cells up to 
one half the diametei of a lobule These sieas of neciosis weie seatteied evciv- 
wheic, sometimes isolated, at other times on the miigin of a laige aica which 
had appaiently undcigone neciosis and been leplaeed by eonnectne tissue Thcie 
did not appeal to be a shnnkage m this suhstitutne fibiosis, and theie was ap 
parently no distoition of the liver lobule The aieas of neciosis always contained 
pniasites, some painsilcs appeared to be fiee, olheis weie enclosed m laige 
vcsiculai cells, lesembling endothelial cells The heaviest imasion by paiasites 
was in the eonnectne tissue cells, -which had leplaeed the aieas of necioses, and 
these aieas coi responded to the hj aline opalescence noted at autopsy The con 
ncctne tissue of the capsule of the Iivci was thickened and ficqucntlj coniniuni- 
eated with the infected underlying aieas of necioses but the capsule showed no 
imasion by paiasites The hepatic \om occasionally was simounded by con 
nected tissue w'lncli had been imaded by paiasites The epithelium of the bile 
ducts showed no appreciable piolifeiation and its cpitlielium was not invaded by 
paiasites 

Ulcei, Ileiun The pentoneum and muscle wall weie noimal The mucous 
membrane was pushed away fiom the muscle w r all by an oval mass of laige 
lound and oval cells, most of wlucli had a laige amount of eosin staining cyto 
plasm, which was more or less leplaeed by mieio oiganisms Tlie penpliery of 
this granuloma, nearest the lumen of the intestine, was denuded of mucous mem 
Inane, almost to the depth of the musculans mucosa Under tlie higher power 
there was seen to be an exti aordmary invasion of ceitam cells m the gianuloma 
by the micro oiganism The nucleus of the invaded cell was either eccentric, oi 
pushed to one side and the micro organism was closely packed m a clear achro 
matic space This achromatic space had no definite membrane and was sui- 
rounded by eosm staining cytoplasm of the cell Some of the invaded cells did 
not show this aclnomatic space, but merely showed a mass of micro oiganisms 
embedded m tlie cytoplasm of tlie cell In this section the blood vessels were not 
involved, but the lymph spaces everywhere showed an invasion of their lining 
endothelium by paiasites While most of the micio organisms were mtra 
cellular there was quite a large number apparently fiee The epithelium of the 
tubular "lands was everywheie fiee fiom an invasion by micro oiganisms, yet 
the inteiglandular connective tissue stioma and the basement membrane weie 
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now (led with paiasites The denuded suifaee of the ulcer was lich m infected 
cells and llieie were detached cells and parasites lung free on the nntaee Ihc 
moiphologv of these fiee paiasites on the suifaee was the same as those embedded 
in tissue Flagella apparently weie not piescnt The cells making up the 
gianuloma were generally laige, with Miiall and deeply staining, 01 laige and 
vesicular nuclei, most of them had a laige amount of eosiii-stanung cvtoplasm, 
while otheis had a slight aflinitv for heniatowlin This section showed a moie 
intense invasion by the paiasitc than that of any othci tissue Epithelial cells, 
blood vessels and smooth muscle weie not invaded In this tissue the mieio- 
oiganisms had spread along the lvmph spaces A peiibronehial I3 mpli node 
showed seveial laige aieas 111 which the lvmplioid tissue of the node has been 
leplued In dense fibious tissue, 111 the penpheiv of which theie was a good 
deil of bluk pigment Heic and theie wheie the lvmplioid tissue still lcmaincd 
time weie luge cells, sonictimes ippeanng to be a part of the leticulum, at 
othei limes endothelial cells bulging out into the lvmph spaces packed with 
pai a sites 

Spleen The splenic spaces weie gieatlv distended bv led blood cells and 
theie was a vcij striking absence of leucocvtes 111 the splenic spaces The 
let ionium did not appeal to be nici eased in amount by the pioliferation of its 
elements but theie was an extensive invasion of large cells in the leticulum 
hv pai isite-', and theie was also an invasion of endothelial cells lining the 
splenic spaces by paiasites, on the whole, hovvevei, the most extensive invasion 
was that of cells making up the leticulum of the oigan Theie was an almost 
complete disappeaianee of the lvmplioid cells of the Malpighian bodies, the letic- 
ulum of which was thickened and hbious 

Lung Section of granuloma, 2 5 mm in diametei The pulmonaiv alveoli sui- 
lounding the grinuloma weie full of led blood cells The gianuloma consisted 
of 1 leticulum conveving small blood vessels r Jhc leticulum was not alvcolated 
but eoa-isted of whoils and sliands of loose connective tissue, small blood 
vess(l« and what appealed to be the lemams of alveoli filled with vciv laige 
<oll= (ontaining micio oiganisnis I11 places theie weie alveoli paillv collapsed, 
containing veiv large cells with single 01 double nuclei, these cells showed an 
enoimous invasion bv paiasites Some of the tells must have cont lined I10111 
two bundled to thiee hundred paiasites The alveoli also contained led blood 
(tils and desqu imatcd epithelial cells containing both puasites and pigment 
( du»t cells) 

P VRV^lTObOGY 

"WIiaI is the position of the 111 1 ci 0-01 gun ism in the /oologic scale'-' 
Fiom 11101 pholog} staining chaiactciistics and the pio=eoce of a 
tew flagellated fonns it i« legaided as i pioto/oon having a flagellated 
plu*o 

Fining sonic nncioscopie examinations of tiopieal suifaee water- the 
watet was collected in several flask= winch weie placed on shelves neai a 
window -ealcd with papet and cotton to keep du=t out and ovanuind 
fiom time to time fot the development of flagellates Most of tin 
h igedlatt's were of the urcmiumas tvpe, otluis ]iad a vilnatile -boil 
antenoi 01 po-toinu end near which was located a =mall r.*fra<tsk dot of 
(hivmttm Opposne was the il igt hum mu v.huli ,v 1- to 1 < found « 1 *< 

1 ’g«’ ttjiai r, l» glohuh of chi oni.it 111 
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A sample oi watei collected July 12, examined August 20, contained 
a tliick suiface pellicle having a very disagreeable odoi The pellicle 
contained numeious ladiate colonies of minute eultuial fonns (colonies 
lachecs) and feuei laiger oval flagellated foim=, haling a maeionucleus 
micronucleai dot, and a shoit, thm flagellum Tlnee oi four ehiomatm 
dots weie to he seen occasionally along the penphery of the body The 
othei samples, collected June 30, examined August 20 contained among 
othei forms an oval non-flagellated body stukmgly like the Leislnnan- 
Donoian body Its size uas somewhat laigei than the Leishman- 
Donovan body as it is seen m tissues, but the ehiomatm lod and macio- 
nucleus weie piesent The maeronucleus being m the center of the 
body and the ehiomatm lod neai the penphery between the maeronucleus 
and the pointed end of the body Betveen the macionucleus and the 
bioad end of the body was a small oval vacuole 

When these bodies weie stained by the mtia-vitam method, using 
gentian violet, oi methylene blue, both lefractile bodies became stained 
before the surrounding cytoplasm was tinted The flagellates remained 
motile for some time aftei tlieir centrosomes weie stained, then the 
entire body became spherical and motionless, instead of oviform These 
bodies were not cultivable on oidmary laboratory media oi m sterilized 
tap water 

Attempts have so far been unsuccessful m finding m water pellicles 
a body having the eharacteiistics of Histoplasma capsnlatum 

In August I learned that Boss, 17 ISTovy 18 and othei s had found flagel- 
lates parasitic in mosquitoes and fleas On seaichmg foi flagellates m 
larva? and adult mosquitoes, I found a few lesembling those found m 
watei pellicles 

One larva, Culex, thiee-fouiths giown, examined Aug 30, 1907, con- 
tained within, a flat-celled body cavity, several oval flagellates with short 
flagella, having a single retractile dot 

There can be no doubt whatever that piotozoa lelated morphologically 
to the Leishman-Donovan body can be found m the surface pellicles of 
tropical waters and m the intestinal tiacts of insects for many of the 
latter m the larval stages, or m feeding, come into contact with watei 
more or less rich m aerotactic flagellates The search has been continued 
foi piotozoa having a resemblance to the micro-organism described here, 
by making examinations of most of the animals coming to the laboia- 
tory They include calves, iguanas, laceoons, monkejs, lats, mice, snakes, 


17 Ross, R Jour Hyg , 1906, vi, 96, 97, 101-108 

18 Novy, MaeNeal and Torrey Joui Infec Dis , 1907, n No 2 
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marsupials besides Marions m-ect- The* fecc = oi intestinal tract* are 
collected, examined and kept for cultnahon T'hc nearest approach to 
an orgam=m having a morphology re=c*mbling that of the JJislopJn<.ma 
rop<mlaivm wa c one ^ecn in c ome ldoode mucus obtained from the rn- 
llamed colon of a rat, killed m the labointon couiMnrd. April 14 100b 
In tin ^ rat proto/oon the e\topla=m stains f ninth blue It* outline is 
round or o\al It contain- frequently two muuoIo- oenl m =liape 
and an open diamond-shaped or irregularly circular gianular rhiomatm 
ring from which three pair of flagella about twice the length of the 
imcro-orgam=ms are gi'cn otf, three flagella on each c ido of the apev ol 
the body. Opposite tin-, oeta=ionnlh a ‘•ingle pair of flagella mat be 
=een, c imilar in length and stammer charactei 2 to the other pair, \ iz , 
eosm-=taimng and twice tlie at era go length of ihe body The=e protozoa 
are not encysted or encapsulated Diameter is si\ micron- They are 
mildly suggestne of Ihsloplcrtina rapeulniuin and xcr\ =irongly impies* 
one that Jhstoplasma cnpsnlohtm ha* during it* flagellate phase c e\eral 
flagella gnen off fiom that portion of the body neaie=t to tin* clump oi 
< hiornatm 

sum xr vrx 

The clinical notes arc* reiy hncf n= none of ilie rases weie diagno=ed 
during life 

The mo=t striking clinical featuie- aie the splenomegaly emaciation 
irregulai remittent icmperatme and leukopenia 

The patients were men Two weie Mnitmiquan negioe=, the thud 
ca c e wa= that of a Chinese, who had been a shop-keeper on oi near the 
J-thmus of Panama for fifteen yeais 

Their local lesidcncr-, weie Manfloie- Paiai-o and Coio/al =mall 
Milage- on the Pacific slope of the Isthmus along the line of the Panama 
Railroad The Hailmiquans weie laboieis 

Histop]a=mo=is i= not at pic=eni encounteied Tlnee cases haxe 
entered and died m Ancon Hospital out of tlm t\ -three thousand ad- 
missions This co\crs a penod of about three years 

The greatly improAed hygienic condition of laborers throughout the 
/one has no doubt fa\oied the aue-t of the pi ogress of the infection 

Hothing is known about the hygienic condition m which the patients 
were living 

The case- undoubtedly originated eithei m Martinique or on the 
Isthmus of Panama The Chinese had been living contmuouslv on the 
J-thmus and at Bocas del Toio, neai Colon, for fifteen yeais 
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It would bo difficult to deteimme the influence of season, as the 
duiation of the disease is not definitch known Patient 1 died m Do- 
cembei at the end of the lamv season, patient 2 died m Januaij at the 
beginning of the diy season, while patient 3 died m August at the middle 
of the ram} r season 

Postmoitem changes weie delated The bodv of the Chinese was 
exa mi ned seventeen and one-lialf houis aftei death, ret the postmoitem 
changes usually seen m bactenal infections weie absent Subcutaneous 
tissue was diminished and slightly edematous m case 3 Theie weie 
numeious subplemal (visceral) ecclnmoses m case 1 The ecchvmoses 
conesponded to and oveilaid pseudo-gianulomata m the undeiljmg 
paienchvma Theie was stellate cicatucial thickening of the pleuia 
ovei an aiea of gianulomatous tissue in the light lung m Case 3 

In the lungs weie disseminated In aline pseudo-gianulomata in Case* 
1 and 3 These hyaline aieas were lound oi niegulai m shape peailv 
white and dense They weie 2 to 3 mm m diametei when disci ete The 
li regularly shaped aieas weie 6 to 12 mm m diametei These pseudo- 
gianulomata weie alwajs sunounded by laised aieas of hemoiihage about 
4 mm wide Theie was a tennmal bionchopneumonia m Case 2 

The peiibionelnal lymph nodes, while enlaiged and pigmented, did 
not show the same amount of enlargement noticed m lymph nodes di tim- 
ing the livei and spleen 

The heait was smaller than normal and its size coi responded with 
the geneial atiophy of voluntary muscles 

The livei was enlaiged m Cases 1 and 3 Case 3 piesented a diffuse 
aiboiescence, the limbs of the aiboiescence being about 4 mm m thick- 
ness, having giay centeis and yellow peripheries These aieas coi- 

lesponded to necroses with infiltration by parasites The capsule was 
smooth The poital lymph nodes weie enlarged, pale, yellow and f liable 
The enlargement of the spleen was marked The capsule was tense 
and the pulp film, yet f liable, and dailc red The Malpighian bodies 
weie distinct m Case 1 and indistinct m Case 3 On removal, the spleen 
was ngid and letamed its ongmal form, it was not flexuous The 
lymph nodes draining the spleen weie similar to those draining the livei 
The panel eas, kidneys, bladder, uieters and genitalia weie negative 
The ileum, jejunum and colon were the seats of a piocess that ap- 
peared first as a circular raised pigmented gianuloma m the mucosa 
The infiltration mci eased at the periphery and latei a small circular ulcer 
appeared S mm m diametei Still latei a pigmented puckeied scai was 
noted One of the ulceis m Case 3 -was coieied with iccent blood 
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The duodenum uppei jejunum stomach and esophagus weic nonnal 
The mesenlei ic lynph node* vcie not appicciablj enlaigcd 
The postpeutoncal hmph nodes weie cnlaiged, pale and Jnable 
The pciitoneum covenng the icctum sigmoid flcxoio and the 
panetal pciitoneum neai Poupait = ligament w a^ intensely pigmented 
black m spots 

The biain and 11 b mauow won* nrg.it i\e. and the ncc e-soi \ nasal 
sinuses nonnal 

The mteto-otganism \\a« found in endothelial celK lining blood and 
hmpli vessels and m aieas of notion- and pseudo-gianulomata, in the 
intestinal ti act spleen In ei. lungs hmpli nodes and nb manow 

The bodies ate lound and o\al Theie is among the laigei founs a 
tendenct towaid an oval outline An n\ei age-sized spheinal both is 
3 micions m diametei The longci diametei of an o\nl bod\ is 3 7“) 
mieions The bodies aie nlwnis «m lounded In a cleai lefiaetile achio- 
matie /one oi capsule gning the impiession at once of an cucwied pio- 
to/oon The bode does not stain hemogeneoush but \en megulaih 
liaidh am two paiasites looking e\acth alike The both eonsi-js ot a 
deeply staining substances, oi chiomatin a ininth staining substance 
staining light blue with poluhionic Mams and aehiomatie spaces The 
deeply staining substance oi chiomatin is piacticalh alwats heaped up 
along one end of the boch sometimes it consists of a single mass oi 
sevcial small masses of chiomatin sometimes it i« nng-sliaped oi 
occasionally extending along hall of the peuphen ot the bode, being 
ciescent-shaped Occasionalh a elnomatm dot oi \ei\ laieh a chiomatin 
iod will be seen neai the laigei chiomatin boch This chiomatin dot oi 
chiomatin iod ma\ sometimes be at the ojiposite end oi side of the 
body Theie maj be sevcial such dots of chiomatin When theie aie 
seceial of good si/e the bodies appeal to be in a picsegmenting stage 
The family staining blue substance takes up the lost ot the space, except- 
ing wlieie tlieie may be one oi two small achiomnlic /ones, lesemblmg 
the vacuoles of pioto/oa These lacuoles aie lneguhulj disposed, being 
sometimes m the centei and at othei times neai the pcnpheiy of the 
body The most sinking thing about the paiasitc is the extiemep 
megulai ivay in which the staining substance is disposed This is m 
sinking contiast with the appeaiance of the Leishman-Donoian body 
The micro-oiganism is a piotozoon piobabh belonging to the Flagcl- 
hdm and is probably lelated moiphologically to small oval piotozoa 
having seveial pans of flagella m lelation with the laige elnomatm mass 
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This lattci is suggested on account of ceilam moiphologie analogies 
Of course, it mil be necessni} to cultivate the nncio-oiganism iiom 
splenic pulp obtained fioin a patient dtn mg life in older to detenmne 
its morphology in the flagellated stage 

The paiasite aliens takes jioljchiome blue stain” like a living oigan- 
lsm Tw enty-fom houis after the death of the host, the chiomatm and 
Jaintl} staining basophilic substance of the imeio-oignnism stains beauti- 
iulh Under similar conditions the malaiial parasite uould not stain 
so u ell Occasional!} m manoii srneais the nncio-oiganism icquiies 
piolonged contact ruth the stain, piobabh due to the resistance 01 im- 
permeability of the lefiactile capsule The poital of cntij’ is unknown 
The disease mar be transmitted hr a sucioiial insect 01 aenud, 01 the 
micro-oiganism ma} gam entiance to the tissue? of the host through the 
intestinal tract 

Case 3 presente d sereral cutaneous papules. Cases 1 and 3, small in- 
testinal ulceis and gianulomata Tlie intense mrasion of the spleen and 
liver, of the lymph nodes draining these, and the piesence of intestinal 
lesions, is stiongl} «rtggestire of an entiance through the intestinal tract 
— ileum oi colon 

Cases 1 and 3 presented infected pulmonai} pseudo-gianrrlomata 
while Case 2, uhicli did not present so intense a geneial infection, shoved 
no pulnronarr pseudo-granrilomnta The pulmonary lesions, theiefoie 
may appear late The micro-oiganism diffeis from the Leishman- 
Donovan body m having a more complex arrangement of its deep!} 
staining substances oi clnomatm, of a lack of uniformity to the disposi- 
tion of the chiomatm and in not possessing a chiomatm lod 

The disease caused by the micio-oiganism must be like kala-azai 
because of tbe coi responding splenomegaly, emaciation nregulai pjiexm 
and leukopenia 

The duel anatomic difleienee is the pseudo-gianuloma m the lungs 
I have found no lefeience to such a lesion in the lecoids of East Indian 
autopsies 

In conclusion it should be said that this disease, although no longei 
seen m Panama, is piobably to be found m unlrygieme and less salubnom 
regions of tiopical America, not yet distuibed by the sanitarian 

Up to the piesent, TIisioplasvia capsulaium has not been found m 
srneais oi sections of localized slan ulceis oi gianulomata Reasoning 
from analog} it will be found, if not m Panama then in some othei 
legion of tiopical oi subtropical Ameiica The leseaichcs of Captain 
James, 10 I M S , show that tlie geogiaphical distributions of kala-azai 

19 James, S P Scientific Mem by Officeis of tlie Mjedical and Samtaiy 
Departments’ of the Goveinment of India, Calcutta, 1905, nev scries, No 13 
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the <reneial infection In the Leishman-Dono\ an bocl\ and of Delhi or 

«— ■ »• 

Oriental soic the localized infection, aic not the same Onental soie is 
common m Bagdad and the Punjab, the latitude of the foimei being 
about that of Cliaileston, S C. 01 ‘southern California while kala-a/ai 
is endemic m Assam and Madias 

I wish to expiess my thanks to Colonel W 0 Gorgas, U S A Chief 
Sanitan Officei. and to Ma^oi John L Phillip® USA Superintendent 
of Ancon Ilospital. foi then land pei mission to publi-h this leport 
Ancon Hospital 



INFLUENZA AND INFLUENZAL PNEUMONIA, 

THriR ETIOLOGY AXD COMPLICATIOXS AND THE OCCURRENCE Or INTLU- 
EN/A BACILLI IX \ARIOUS IX1ECTIOUS DISEASES 

DAVID J DAVIS, MD 

CHICAGO 

Influenza Mas little known, pailiculaih fiom the bactenologic uew- 
pomt, before the pandemic of 1S89-90 This oceiiinng at a time when 
bactenology uas making impoitant conti ibutions to medicine, naturally 
proved a fiuitful field foi leseaich and resulted m the discoveiy by 
Pfeifiei of a bacillus ( Bacillus 'influenza,) which since then has been 
geneially accepted as the causal oiganism Many epidemics of clinical 
influenza have appealed since and m some Pfeifiei *s bacillus has been 
found wdnle in otlieis a variety of oiganisms has been desciibed The 
idea is prevalent that eveiy condition occunmg m epidemics and gnmg 
the clinical pictuie of influenza is due to the influenza bacillus, and that 
if influenza bacilli aie found m the lespnatoiy passages m these condi- 
tions the diagnosis of influenza is justified 

One puipose of this papei is to call attention to conditions nhich the 
physician commonly calls influenza 01 gup, and noth ulnch the influenza 
organism m no w r ay is concerned The second is to desenbe the lesults 
of the clinical and bactenologic study of a senes of cases usuallj called 
influenzal 01 grip pneumonia A third puipose is to point out the com- 
mon occuirence of oiganisms of the influenza type m the lespnatoiy 
passages m a great variety of diseases of infectious ongm 

INFLUENZA OR GRIP 

Opportunity occuried to study bacteriologicall} cases of influenza 
occurnng m epidemics of 1905 and 190S m Chicago Climcalh they 
coi responded to influenza as it occuried, for instance, m the pandemic of 
1889-90 On the w r hole, probably the disease M r as less seveie, but many 
cases M r ere followed by serious complications The onset, as a rule, u r as 
sudden, often with a chill, followed by the usual symptoms of coiyza 
pharyngitis, cough, headache, backache, soieness m muscles, fevei and 
piostiation The general conception among physicians was that of an 
infection with influenza bacilli 

My efforts were directed chiefly to a bactenologic study of the secie- 
tions of the respiratory passages Usually sputum was obtained and m 
man} instances nasal secretions and swabs of the tlnoat weie also exam- 
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ineci Smcais weie made and stained In Giams stain conntei stained 
with caibolfuchsin and aho with metlnlcne blue Cultuies weie made 
of the washed sputum and of the nasal matenal on blood-agai plates 
In most instances pigeon-blood was used m prefeience to human 01 othci 
animal bloods because of the moie pi of use giowth of influenza hacilli in 
the foimei 

In the 1905 epidemic seventeen t\pical and seveie eases of cluneal 
influenza w*cie examined In onl\ tin ee rotild mflucn/a hacilli he found, 
and m onh one of these wcie thc\ numerous As a mle the sputum was 
obtained eaily m the disease when the con/al and phamigeal symp- 
toms weie at then height Compaied with the noimal hactenal floia of 
the thioat, the icsults showed on the whole an ineiease in streptococcus 
colonies The gicen colonies eliai aetei istic of flic pneumococcus gioup 
weie alwavs piesent ’Mxaococcu s calanhaht was found in a numbci of 
instances m no ca c e duiinsr this ejmlcmie was Sticpfoiocui <? mutosu s 
found 

The epidemic of 1907-0S was chni aetei l/ed In 01 it x and wide 
prevalence At one time it was estimated that neailv one-thiid of the 
people m the city wme ill w ith the gup A bactei mlogic studv of the les- 
piratoiy secietions was made in twenh-fom cases Influenza bacilli w r eic 
found m four cases only Stieptococci weie found in even case, m 
most instances they weie moie numeious tlian m noimal tin oats, as was 
found to he the case m the pieviom epidemic In some cases they weie 
veiy few m numbei Pneumococci weie alwavs piesent and in laige 
numbeis In some of the most seveie cases, eailv m the disease when 
the clinical symptoms weie at then height, pneumococci in almost puie 
giowdli appealed on the plates In fom instances Six cplococcus mucosns 
was obtained and twuce only the M calaii halts appealed 

In many of the above cases, examination of the secietions was made 
from time to time duung the com so of the disease with a view r of detei- 
mmg the vanability of the hactenal floia In the foui cases m which 
influenza bacilli w r eie found, in no instance did they occui in the initial 
stage of the disease, only aftei seveial days 01 dui mg the time when the 
acute symptoms abated and a peisistcnt cough appealed, as fiequently 
happened, did the bacilli make then appeal ance In geneial this may be 
said of Six eptococcus pyogenes , Sh epiococcus mucosus and M caiaxx halts 
Early m the disease the bactei lology is much less complex than aftei 
seveial days The pneumococcus appeals to be the piedommatmg 01 - 
ganism m the acute stage Then the othei vaneties mentioned appeal 
to come m as secondary mvadeis, so that the stage of the disease should 
ahvays be considered m mterpietmg the hactenal cultures 
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As illustrating the aboi e statements ‘-ome examples ma) be cited 
buefly 

In a typical case of gnp the patient eomplamed of chill, fevei, pain in 
legs back slight diyne^s and soreness of tin oat and malaise, and had 
abundant mucopuiuleiit secietion fiom the nose and thioat On the 
second da) cnltuies on blood-agai plates of matenal fiom the naso- 
phai)nx shoved the pneumococcus colonies to make up about SO per 
cent of all the colonies the lemamdei being hemolytic colonies of the 
streptococcus gioup At this time no influenza bacilli, ilf cafauhahs oi 
otliei oiganisms veie present Five da}s latci the moie acute symptoms 
had abated, but there vas still jnesent malaise and maiked mueopuiu- 
lent secietion fiom the nose and thioat At this time theie was ob=eived 
neaily a puie giowtli of influenza bacilli on the plates and m the smears 
Only a fen gieen colonies and hemolvtic colonics veie obtained Fom 
da)s latei, oi appioximately eleien days aftei the onset, examination of 
the dischaige shoved SO pci cent of the colonies to be influenza bacilli 
about 20 pei cent pneumococcus, and only an occasional streptococcus 
colony On the nineteenth da) the plates shoved the pneumococcus 
colonies to bo the most abundant, influenza bacilli neaily as numeious, 
and a few stiepiococcus colonies On the ihiily-fiftli day aftei the onset 
theie was a mucopmulent secietion fiom the nasopharynx, vlncli had 
leeently been mcieascd by an acute exaceihation of the nasal and thioat 
symptoms Examination of the discharge showed again a predominance 
of influenza bacilli arianged m symbiotic lelationslnp to other colonies, 
of the remaining colonies about 60 pei cent veie pneumococci and 40 
per cent stieptococci The case is instructive m showing the early pie- 
dommance of the pneumococcus oiganisms, the appeal anee of influenza 
bacilli about the end of the fust week, then giadual disappeaiance with 
the abatement of the symptoms and the mciease not only of these bacilli 
but also of the stieptococcus on the lecuirence of acute symptoms In 
another typical ease m which marked nasal symptoms peisisted foi about 
three weeks, stieptococci weie found to be piedominant, while no influ- 
enza bacilli were present 

Just as intei estmg as the above obseivations aie those obtained m 
other cases m which the subsidence of symptoms was more prompt Heie 
the pneumococcus colonies weie, as a rule, nearly puie early m the at- 
tack and continued the predominating organisms throughout, without 
the appearance of influenza organisms at any time and with little oi no 
increase m streptococcus colonies Some exceptional findings were ob- 
served m certain cases which deserve comment 

A young man became ill with the grip Cough and purulent ex- 
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pectoiation peisisied, with feeling of malaise and indisposition Oppoi- 
tumty was affoided to analyze the ^ecieiions at about the end of the thud 
i\eek At this time the piedommant oiganism was ihe influenza bacillus, 
showing symbiosis m 1 elation to the piieumocoecus and flic few stieplo- 
coccus colonies which weie piesenf Xo oihci oiganimis m smcai 01 
cultuie weie obscucd at this iime One week latei, the symptoms having 
continued the same, anolhci analysis of the sputum showed again influ- 
enza bacilli m laige numbcis few stieptoeocci and pneumococci lela- 
tivelv and a small numbei of Sticpioioccvs mvcosus colonies Two dais 
later there appealed a iiesh mfeciion manifested by maiked stuffiness of 
the nose, mci cased cough lacnmation, dimness of thioat. etc From the 
glany mucus fiom flic nose and the 11101 c puiulcnt mafoiial from the 
nasopharynx an almost puic growth of Si) eplococcus mucosu <? was ob- 
tained Xo bacillus influenza, Streptococcus, pi/ogcnc v 01 pneumococcus 
was present The acute symptoms subsided affei a few dais and gradual 
lecoveiy ensued Xo fuitliei oppoifumti for examination occuired In 
this case we obseive the appcaiance of the St) cptococc m mucosus occui- 
rmg simultaneously with an acute exacerbation of the symptoms and 
completely replacing influen/a and othei oiganisms piesenf 

In another case chill, fevei (101 F ), coryza, dimness and shglit soie- 
ness of the thioat, cough hoaiscncs=, slight nausea, soieness of muscles 
and joints and some headache and malaise appealed dining the night 
Xext morning the thioat appealed led, leucocytes weie 13,400, cultuies 
fiom the inflamed postenoi wall of flic phaiynx showed pneumococci, 
few T streptococci, and a sti ikmgly laige numbei of colonies resembling 
the meningococcus (about 20 pei cent ) blood cultuies w r eic stenlc The 
next day the patient felt consul ei ably bcttei . the tempeiatuie w r as noi- 
mal, and leucocytes 5,000 Two days latei the patient was still indis- 
posed and complained of diyncss of the thioat, hacking cough, fulness 
and thiobbmg m the head and slight fevei Theie weie no lung findings. 
Examination of the sputum, winch was scant and glany, showed about 
60 per cent of the Giam negative diplococci obseived pieviously, about 
30 per cent of the usual gieen colonies, and 10 pei cent of stieptococeus 
colonies The following day the patient w r as much bettci and continued 
to improve, though a hacking cough wntli scant cxpcctoiation continued 
foi tw'o weeks oi moie At this time (thiee weeks aftei the onset) cul- 
tuies of sputum showed many gieen colonies, a few stieptoeocci no in- 
fluenza bacilli or organisms lesemblmg the meningococcus 

A study of the menmgococcus-like oiganism gave interesting lesults. 
It was a Gram negative diplococcus, moiphologically identical with the 
meningococcus It did not giow r at loom tempeiatuie^ a luxuiiant viscid 
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giay giowlh occmicd on blood and ascites agai, and piactieally no 
giow'th appealed on plain agai In salt solution it gaie a stnngj sedi- 
ment commonh obsened m meningococcus giowths and had none of the 
buttle cliaiactei of the giouth of N (aianliahs One-thud of the blood- 
agai slant was injected into the peutoneal cavity of guinea-pigs, u Inch 
weie killed m twelve to fifteen honm and the oiganism was lecoveied 
fiom the peutoneal cavity and the heait's blood The agglutinating 
powei of the patients seium for this oiganism was not mci eased above 
noimal (1 to 10) Specific icactions with antimeningococcus seia weie 
not made It appeals that lieie is an instance of an infection with an 
organism identical w ith meningococcus Theie weie no cases of menin- 
gitis with which the patient had lecentlj come into contact, and this case 
oecuiied timing an epidemic of gup and ordinaiilv would pass foi a 
fanly typical case of mfluen/a Xo influenza bacilli oecuiied at any 
time, but the meningococeus-like oiganism oecuiied m the tin oat in 
large munbeis and paialleled in a gencial way the clinical course This 
w r as the only ease m the senes fiom which this oiganism wms obtained, 
though oiganisms of the M caiauhahs tjpe were met m a variety of 
conditions, as w ill be show n latei 

The findings in this case aie almost identical, both clinically and bac- 
tenologically, with those of the case of llnnitis lepoited by F T Loid 1 
m 1908 Lord review's the liteiatme up to that time and finds only foui 
cases, three without meningitis and one wuth meningitis, m which he 
believes the time meningococcus was isolated Since then seveial investi- 
gations, especially that earned on by the Yew York Commission, have 
shoAvn that typical meningococci aie common m the nose and throat of 
meningitis cases and peisons closely associated with them Dunham 2 
show's that there are diplococci wduch lesemble meningococci m eveiy w r ay 
except m the agglutinating leaction The oiganisms found m this case 
belong to the mtiacellulaiis-like oiganisms of Ins fouith gioup, wduch 
he states he has reason to believe aie identical with the Diplococcus intia- 
cellulans of Weichselbaum 

Other cases are here cited to emphasize the importance m infections 
of tins type of the Sti eptococcus mucosus A patient w'as taken ill wuth 
an attack of grip Several days later pain developed m the left ear, tw r o 
days later the drum membrane ruptured and a purulent discharge con- 
tinued for three days There was severe pam m the head and the tem- 
perature ranged from 99 to 102 Three days later symptoms of meningi- 
tis appeared wuth high fever, delirium and rigidity of the neck, and 


1 Lord, F T Centialbl f Bakteriol , 1903, vsaiv, 641 

2 Dunham Joui Inf Dis , Supplement n, 1900, p 10 
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death occuned two da} s latei Spmal punctuie, made two days befoi e 
death, showed the spmal fluid to be imdei piessuie The tuibid fluid 
obtained ga\e a viscid sediment on standing, many polynucleai cells and 
manv Giam positive encapsulated diplococci, almost entnely outside the 
leucocitcs Cultuies gave a pine giouth of Sh cpiococcus mucosus This 
oisanism vas lnjrhlv vnulcnt In liuman blood it uas neailv mmscepti- 
ble to pliagoc} tosis Thice loops of the glany mucoid giowth fiom the 
suiface of blood agai mspended ml c c of ®all solution liyiccted mtia- 
peritonealh , killed a labbit in tuenh-foui horns, and one loop, similaily 
injected, killed an animal m thnt>-®i\ houi® The oigam«m Mas lecov- 
eicd puie m the heait's blood and oigan® of the animal® 

Anothei ca=e gaie the®e lcsull® A hpical attack of gup Mas fol- 
loMed m thice da}s Mitli otiti® media and mptuie of the membiane 
Cultuies ueie obtained of the sputum fiom the di®chaige of the eai and 
fiom the na®ophaiMiv The eai dischaige ga\e a neatly puie giowth of 
Sii cpiococcus mucosus In the smeai® mcic seen Giam positne diplo- 
cocci and some oiganisms lescmbled diphthena bacilli, but uhicli did not 
appear in the cultuies The sputum gate many colonics of Sh cpiococcus 
mucosus and only a feu* pneumococcus and sli cpiococcus colonies The 
nasophannx slioued also colonies of Sii cpiococcus mucosus and many 
stieptococci and pneumococci No influenza bacilli ueie found m an) 
of the cultuies 

Otliei cases of gup Mitli complications gave a tanety of lesults A 
case with an antium infection gave a puie pneumococcus giondh fiom 
the pus, and cultuies fiom the icddened pliar} n.v slioued about 50 pei 
cent pneumococci and 50 per cent of stieptococci No Bacillus 'influ- 
enza, M caianhalis oi Sii cpiococcus mucosus Mas found A frontal 
sinus infection following gup gate pneumococcus, 70 pei cent, and 
streptococcus, 30 pei cent No othei oiganisms Meie present Tiom a 
case of otitis media, following a seveie attack of gup until slight bioneho- 
pneumonia, the eai dischaige gave a puie giowdh of Sit cpiococcus 
pyogenes, and the tlnoat shoved pneumococci and stieptococci about 
equal m number to be piesent, no influenza bacilli 

The data given m these cases aie sufficient to slioM r that not only are 
influenza bacilli of mmoi impoitance m the typical cases of so-called 
influenza, but that they do not play an impoilant idle m the complica- 
tions fiequently associated with this condition The baeteiiologic results 
do not peimit the implication of any one oigamsm as responsible for the 
disease On the whole, the stieptococci aie moie numerous than m noi- 
mal throats Examination of some of the most typical cases, liowevei, 
especially eaily m the attack, shows almost pure pneumococci on the 
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inflamed suifaees in the tin oat It is ceitamly hue that pneumococci 
aie the most common oigamsm piescnt call} m tlie disease, hefoie time 
has elapsed foi the invasion of othei pathogenic haclena, which seems 
neaily always to occui 

The Sti cpiococcus mucosus is an extiemeh mtciesliiig and impoilant 
oigamsm It is not uncommonly found m vai 1011 s condition^ associated 
with lesions m the icspnatoiy tiact I liaie iound it m the sputum in 
acute aiticulai lheumatism, lobai pneumonia, gup, otitic media, and 
cerehiospmal meningitis It is an oigamsm that seem= especially pione 
to invade the Eustachian tube piodnce oiitis media and imohc the 
meninges Schottmullei, who was among the hist to call attention to 
this oigamsm, observed it m seien cases, tlnee of which weie meningitis 
following otitis media Sevcial othei wnteis have desciibcd it in a 
vanety oi tin oat and othei aflections 

The M entail halis is common in both noimal and diseased tlnoats 
Little doubt exists but that tlieie is a laige gioup of oigamsms ol this 
type varying consideiably m then piopeities and in then pathogemcih 
As a rule, oigamsms oi this gioup may be leadily difleientiated fiom 
meningococci by then eultuial leactions Some, liowevei, lesemble the 
lattei oigamsm moie closely, as has been shown by Dunham 2 

The question may now be asked. What the etiology is of this clinical 
condition known as influenza oi gnp ? Theie can be little doubt but that 
the pandemic of 1889-90 was caused by PfeiflePs bacillus The bacilli 
as was shown by Pfeiffei and continued by nunieious othei obseiveis 
occuried at the lnflammatoiy site m enormous numbeis in pure eultuie 
They "were present eaily m the disease and m a geneial way paialleled 
the clinical corn sc Animal expenments weie suggestive, though not 
conclusive They have been found m othei epidemics of the disease m 
practically all paits of the woild But, gi anting this, the nnpoitant fact 
lemams that typical epidemics occui, clinically identical with those le- 
fened to, m which, liowevei, no influenza bacilli can be found m the 
lespiratory secietions oi other parts of the body This has been found 
by numeious obseivers, among whom may be mentioned Kosentlial, 
Sacquepee, Besangon and Isiael de Jong, Klemenberger, Loid, von 
Jaksch and Jochmann The bacilli of If catanhahs and diphthena-like 
bacilli, usually m mixed eultuie, are the most common bactena found 
m these conditions 

The tendency is natuial m studying an epidemic to assume that theie 
is hut one causative organism If this is true, m epidemics of grip the 
causative organism is unknown The facts m this papei, liowevei, and 
the tiend of investigation appeal to show that the =ame clinical condi- 
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tion may be pioduced by a vanety of oigamsms The underlying factoi 
which stimulates or peimits these ox gam mis to develop must be sought 
m climatic 01 otliei conditions The vanous oigamsms occumng in this 
condition aie piacticallv always found m small numbeis m noimal 
throats Some mjuiy to the uppei lespiratoiv tiaci foi instance, abnoi- 
mal circulatoiy distuibances, ofl’eis the conditions fa\oiablc foi the de- 
velopment of these bacteiia. and pniticulail> foi an meicasc m urulencc 
This is exactly analogous to the mcica^e m Miulcncc of intestinal bac- 
teria aftei an injury to the intestine, foi instance acute intestinal oh- 
stiuction, as has been demolish ated exponmentnlh The mcicase in 
virulence having been established, the bacteiia earned fiom poison to 
peison leadily pioduee the same clinical conditions being aided pcihaps 
by the same factois on the pail of the host that oiigmalh dc\ eloped the 
vnulence m the bacteiia 

STUDIES 01 lNTLl'lAVU, EXEUMOXI \ 

Duimg the past Acai a eonsidciable niimbei oL (uses of an acute 
pneumonic infection ha\e cnteied the Piesln teuan Hospital The dis- 
ease has oceuncd laigeh among toieigncis. paiticulaih Checks B\ 
many physicians it is called gup pneumonia . otheis call it acute pneumo- 
nia, bionchopneumonia oi lobulai pneumonia The clinical couise m 
these cases is vei) sinnlai and suggests a common cause 

Obseivations veie made on a senes oi foih-two cases The onset as 
a mle is sudden, beginning as the patients usualh state with a cold 
They have chills, a slight cough, evpcctoiation, scant at fust and becom- 
ing moie piofuse some malaise, headache, pains in back and legs, and 
usually, a day oi two latei, dilluse oi localized pain m the chest which is 
made woise by coughing and deep bieathmg Occasionally the’y complain 
of slight soieness oi thioat, but, as a mle, this symptom is not maiked 
Piostiation, while maiked in some cases, can not be said to be a charac- 
tenstic featuie The tempeiatuie piomptly uses, m seveie cases it 
leaches 106 and lugliei As a mle, it uses to 101 oi 303, fluctuates foi a 
time and leaches normal m a lew days by a giadual fall At times it 
descends so quickly that it elosety lesembles a cusis, again it may be- 
come mteimittent oi lenuttent m type foi a few da^s and giadually fall 
to normal 

Physical examination, as a mle, shows aicas of liaish bieathmg, with 
heie and tlieie coaise moist idles Ciepitant idles usually aie not pies- 
ent D ulness on peieussion is slight, often not peiceptible, and larely is 
bronchial breathing heaid Yocal and tactile fiemitus is usually normal 
and theie is no tendency foi the involved aieas to be limited to lobes 
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In some cases ilie piocess is diffuse and appaienily involves the laiger 
tubes onl} r 

Eecunences aie not uncommon Six of the foity-two ca*es each had 
one 01 moie lelapses. occuiiing n snail v w ltlnn two 01 three weeks after 
tlie liist attack Geneially tlie patient was up and about foi a few days, 
not having entnely lecoveied when suddenly he would he taken with a 
chill and fever and a letuin of the sjmptomc In one lather lemaikable 
case there were at least seven distinct lecunences of chill*, fevei, use m 
leucoc 3 r tes, etc, with final iccoveij^ (Chail 1) The cases weie remaik- 
ably free fiom complications The mine as a lule, was normal, occa- 
sionally tlieie was a small amount of albumin and a few gianulai casts 

A leueocytosis occuned m neaily em 3 7 case In the milder cases the 
leucoc 3 r tes usually vaned fiom 10,000 to lo 000 In the seveiei cases 
the 3 r mmibered from 20,000 to 21,000 oi highei The mciea*e was chiefly 
m the pohmucleai cells 

Blood cultures were made in the senes with few 7 exceptions and the 
results w r eie unifoimty negative Various media w T ere used, including 
bioth, ascites biotli, milk, pigeon-blood bioth, and media containing 
other bacteria This lattei method was used with the idea of obtaining 
giowdh of influenza bacilli because of their symbiotic lelationship to 
other bactena Inoculations w 7 eie made at vanous times duiing the 
course of the disease, always wdien the patient had elevation of tempeia' 
ture Large, moderate and small quantities of blood, diawn fiom the 
arm, w r eie introduced into the media 

The sputum m these cases at fiist w r as scant, later becoming moie 
profuse and purulent Barely it contained tiaces of blood as fine streaks, 
and not intimately mixed, as m rusty sputum In twent 3 r -six cases it w 7 as 
washed and plated m the usual mannei on blood-agar plates, pigeon- 
blood being used m most cases Influenza bacilli were isolated ten times 
In most cases m wdnch they were found at all they were the predominat- 
ing organism m the sputum Cultures made at different times dui mg 
the course of the disease gave results pointing to a vaiymg bacterial 
flora In the early stages the influenza bacilli, as a rule, w 7 eie not found, 
pneumococci and streptococci being abundant on the plates Then sud- 
denly influenza bacilli might appear m the cultures wuthout any corre- 
sponding change m the clinical condition The Micrococcus catanhahs 
was found only occasional^ 7 , and m no instance w r as it the predominating 
organism 

The accompan} 7 ing chart is intended to summanze some of the find- 
ings m a remarkable case of the recurrent type The patient finally 
recovered completely There were at least seven distinct chills, followed 
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by a piompt use m tcmpeiatuie Blood cultuies weie made at seven 
difleient times befoie, dining and aftei clnlls, always w ith negative 
lesults The leucocyte cuive was vanable, at times dnimg the height of 
the fevei using above 20,000 Cultmes of the sputum weie made at 
mteivals duiing the couisc of the disease, and m eveiy instance the 
influenza bacillus was piesent m almost puic cultuie, appealing in clus- 
teis about the feu sticptococcus and pneumococcus colonies on the plates 
Dm mg the 1 eminence 5 , as shown m the chait by the delation of tem- 
peiafuie, no change occuned m the bactcnal floia m the sputum 3 

The sei uni m this case tested at tliiee difleient times dunng the 
couise of the disease foi specific agglutinins using the homologous influ- 
enza bacillus, failed to leact m each instance Both the mieioscopic and 
macioscopic methods weie used In both noimal and patients’ seia 
slight agglutination usually occuned at a dilution of 1 to 20 Si\ othci 
cases weie tested for specific agglutinins using homologous influenza 
bacilli All gate negative lesult 5 except that m one instance theie ap- 
pealed some clumping at 1 to 30 dilution m the patient's seium, and 1 
to 20 m the noimal Evidently m these cases, though the sputum ma\ 
be teeming with influenza bacilli the agglutinins aie eithci not pio- 
duced at all or only to a flight extent 

Opsonic deteimmations weie attempted m a numbei of cases, but 
abandoned as unieliable because of the difficulty in obtaining a piopei 
suspension and on account of spontaneous phagocytosis 

Most of these cases cleai up =o lapully undei the lest tieatment that 
the inoculation treatment is eudenth inapplicable In tlie recunent 
cases of a moic subacute or clnomc chaiacter with laige numbeis oi 
influenza bacilli m the sputum, injections of dead oiganism should be 
tued In the case lefened to aboie three injections, each of appioxi- 
matelv 300 million homologous influenza bacilli, weie given A chill, 
followed immediately by a use m tcmpeiatuie of shoit duiation and con- 
sideiable local reaction, occuned after each injection (Chait 1) Injec- 
tions weie made m other cases of similai amounts, lesultmg m a local 
reaction, but tlieie was not the chill and use m tempeiatuie obseived in 
this ease They giadually lecoieiecl, as they usually do, without injec- 
tions Ho conclusions should be diawn 

DISTRIBUTION OF INFLUENZA BACILLI 
IIow commonly the influenza bacillus occuired m vanous infections 
m the lespnatory tract and other paits of the body before the epidemic 
of 1S89-90, at which time the oiganism was discoveied, w r e shall nevei 

3 The blood 'was repeatedly examined for malaim paiasites with negative 
results The result of the tuberculin test was also negative 
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know Toi a time aftei its discoveiy the idea pi evaded that it v as found 
only m influenza, though Pfeiflei, m one of his flisl papei s, desenbed 
oigamsms of this type found m othei di=eases which lie called pseudo- 
mfluenza bacilli Since that time it lias been shown that bacilli indis- 
tinguishable fiom influenza bacilli occui m disea c es othei than influenza 
and that Pfeiffei's pseudo-influenza bacilli can not be distinguished fiom 
bacilli fiom influenza cases The statement appeals not infrequently m 
the liteiature that the epidemic of influenza m 1SS9-90 spi ead the micc- 
tion throughout the voild, and since that time the bacilli, being almost 
ubiquitous, play* an impoitant idle as secondaiy imadeis m mam dis- 
eases, especially tubeiculosis Tin** is also given as an explanation foi 
the fiequent outbreaks of influenza epidemics since that tune Man - ) oi 
these, of couise, are not epidemics of influenza infections That influ- 
enza bacilli lveie as common beloie 1SS9 as since is piobable, since epi- 
demics of influenza have spiead o\ei the caitli mam tunes m the past 
and the bacilli would have lemamed to pioduce secondaiy infections 
aftei these, as they did aftei the last pandemic 

The influenza bacillus is an extiemely common oigamsm in the les- 
pnatory tract m vanous infections Occasionally it is found m the bodi 
m othei localities Thus theie aie cases de c cnbed of cholecystitis aithn- 
tis, pA elitis, cystitis, otitis media, empyema, etc, corned bx bacilli of this 
type 

The accompanying table is ananged to show the occuiience of influ- 
enza bacilli m the thioat 01 sputum m a lanety oi diseases which moic 
or less affect the lespnatoiy tiact 

Table Showing the Occurrence or Intlenza Bacilli in Various Diseases 

B influenza; Postive 



Total No 

B influenza; 

not 

iindings ; 

Disease 

Cases 

Present 

Pound 

Per Cent 

Pertussis 

68 

61 

7 

S9 

Varicella 

11 

7 

4 

64 

Measles 

23 

13 

10 

56 

Lobar pneumonia 

12 

4 

S 

33 

Acute artieulai rheumatism 

11 

0 

11 

0 

Bronchopneumonia 

26 

10 

16 

38 

Pulmonary tubeiculosis 

Ep Cerebrosp meningitis 

5 

3 

2 

60 

11 

4 

7 

30 

Influenza (1905) 

17 

3 

14 

17 

Influenza (1908) 

23 

4 

19 

IS 

Normal 

20 

2 

IS 

10 

Total 

239 

116 

123 

4S 


In pertussis they are present m neaily eveiy case, sometimes dui mg 
the course of the disease, usually aftei the paroxysmal stage sets m Tliey 
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may lemam m the throat foi a considerable period of time aftci the 
spasms disappear In some cases the baeillr are xeiy numerous, and on 
the plates are rn almost prrre culture, while rn othei cases they are few 
In some cases they may be persistently absent and suddenly appear m 
enormous numbers and thus continue Pneumococci and streptococci 
are neaily always found and not infrequently bacilli oi il/ catanhahs 
and diphtheria-like oigamsms appeal m culture in small numbers 

In measles they are common, especially m the cases m which cough 
is a pronounced feature M caiai ; halts was common ly found also Vari- 
cella gave much the same bactenologic findings as measles 

In lobai pneumonia usually the pneumococcus is the predominating 
oigamsnr m the sputum Streptococci aie piesent m small numbeis 
Influenza bacilli were piesent in the sputum ioui times m twelve cases 
examined In one case it was mleie s ting to note that e\en eaily m the 
disease (fourth day) these bacilli weie piesent m the typical pneumonic 
rusty sputum m numbeis far exceeding pneumococci In another case 
of a somewhat typical pneumonia in which, howcvei pneumococci weie 
obtained m the blood m pure growth, examination of the washed sputum 
on the fourth day of the disease gare SO pei cent catanhahs colonies 
and 20 per cent pneumococcus colonies No influenza bacilli weie pies- 
ent Subsequent examinations garc similai findings An elderly man 
became ill with symptoms of lobai pneumonia The sputum at hist was 
bloody and later became piofuse and puiulent The clinical diagnosis of 
abscess of the lung was made Examination of the washed sputum gave 
enormous numbeis of influenza colonies, chiefly in clusteis about colonies 
of othei bactena Of the lemainmg colonies, 75 pei cent w r eie tyqncal 
Sii epiococcu s pyogenes and 25 pei cent weie Staphylococcus pyogenes 
aweus No pneumococci appealed m the plates A few days later death 
occurred Postmoitem examination show r ed lobai pneumonia with sev- 
eral abscesses m the lungs Pus fiom an abscess gave pneumococci 60 
per cent , streptococci 35 per cent . and Staphylococcus aweus 5 per cent 
No influenza bacilli w r ere found These cases aie instructive in showing 
the variation m the bactenal floia, not only m complicated cases such as 
the last, but even m typical cases of pneumonia 

The results obtained m acute articular rheumatism are mteiestmg 
m that they show’ more than m any other condition except tonsillitis a 
predominance of stieptococcus colonies The bacterial flora of the throat 
m these two conditions is about the same Influenza bacilli w r ere not 
iound m any of the cases examined In one case the Stieptococcus 
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murosus was obtained m laige numbcis m the sputum and nasal seeie- 
tions 

Only five cases of pulmonaiy tubeiculo'us weie examined Influenza 
bacilli weie found m tlnee of these It lias been obseived by many that 
they are common, secondaiv mvadeis m this disease In epidemic 
meningitis tliei r were found m the nose and tin oat foui times m eleien 
cases 

In noimal tin oats the} r aie occasionally found Swabs of the tin oat 
fiom twenty noimal peisons gave giowtli of influenza bacilli twice, they 
v eie present in small numbers 

Of 239 cases examined with special lefeience io influenza bacilli, 
11C, 01 nearly 50 per cent , showed the presence of tins organism The 
table shows them to occur fanlv uniformly m the vanous diseases It 
ma 3 r be stated as general^ true that they aie found moie fiequently and 
m laigei numbers m those eases in w Inch there is involvement of the 
bronchi, especially chronic cases with piofme expectoration, than m 
conditions like tonsillitis and acute rheumatism, m which tlie lesions 
aie limited to the upper respnaton r tiact 

What is the significance of this common distribution of these oigan- 
isms° In older to answer this question the pathogenic piopeities should 
be inquired into Foi animals they are not highly vnulent One oi tvo 
slant agar growths injected into the pentoneal cavity of a guinea-pig 
oi small rabbit will cause death m twentj-foui houis and the bacilli will 
be found m the heait, blood and oigans of the body Injected into the 
human throat (organism from peitussis) it produces pharyngitis, cough, 
piofuse glairy expectoiation, fever etc , and the bacilli glow luxunantly 
foi weeks under these conditions 4 Injected m living culture (organism 
fiom bronchopneumonia) subcutaneouslv m the human being they pio- 
duce local swelling, redness and tenderness, and aftei seveial days an 
abscess containing yellow pus m which the bacilli thnve and fiom which 
they may be recovered m pure cultuie 

The above facts indicate that these oi gam sms aie at least not always 
harmless saprophytes It is undoubtedly true that they play no iole 
whatever m many of the infections mentioned While making cultures 
at frequent intervals during the couise of the infection I have seveial 
times noted the sudden appeaiance of influenza bacilli m laige numbers 
with no change m the clinical course On the other hand, taking into 
consideration all the data m the table, it is generally true that the mflu- 


4 Bacteuology of Whooping Cough, Join Infect Dis , 1906, m, 1 
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cii7a bacilli wcie moie comnionh found m the sc\eiei cases, and esne- 

«. x 

eiall) m those cases m which bionclnal complications existed The deaths 
m the senes w r eie too few to peimit one to diaw conclusions on this 
point, tlieie being onl} nine in 230 ca^es m which the tcnnination was 
known 

In tins connection may be mentioned the possible significance of 
sunbiosis in influenza infections In the piescncc of othei bactena the 
influenza bacillus grow r s much moie limuianih than when alone It 
has also been demonstiatcd bv animal e\pei iments' that a few bactena, 
haimless m themsehes, mtioduced into an animal with influenza bacilli, 
gieatly mciease the uiulence of the lattei Expeinnents indicate little 
diffeiences among the bactena to acceleiate the giowtli of influenza 
bacilli It may veiy well be, liowcvei that then biologic piopeities mav 
be piofoundh changed by the piescncc of ceitain othei bactena, and 
consequenth the vaneh and uiulence of associated bactena may be 
nnpoitant m cleteiminmg the virulence of the influenza bacillus The 
piesenee of vanous bactena in infections with the occunence of hemo- 
globin mtlie mflammatoi} secietions ma\ ha\e something to do with the 
appeaiance at times late in the disease of sneb enormous numbeis of 
influenza bacilli m the sputum 

conclusions 

1 In man} epidemics of clinical influenza oi gnp the influenza bacil- 
lus pla'ss little oi no pail as an etiologie oiganism 

2 These epidemics appeal to be due to a vanetv of oiganisms — the 
Pneumococcus Sii cptococcus pyogenes SU cptococcus nmcosus and 

ocotcus catamhahs being most commonly found in the secietions 
An oiganism moiphologicalh and cultmalh identical wuth meningococ- 
cus w r as found m one case 

3 Complications following these cases aie often senous and usually 
due to Pneumococcus > SU cptococcus pyogenes and Sii cptococcus mu- 
cosus 

4 The influenza bacillus is often found m so-called influenzal pneu- 
monia, but not m all cases It can not be consideied the piimaiy cause 
An abundant mixed bacteual floia is cliaiacteustic of the lespnatoi} 
secietions m these cases 

5 Influenza bacilli aie commonh found m a gieat yanety of infec- 
tions (Table t) 


5 Jacobson Aicli de med e\p6i , 1901. \m, 425 Dans Join Infect 
Dis , 1906, m, 22 
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6 Experiments both on animals and lmman beings demonstrate that 
these bacilli possess pathogenic piopeitie'? They arc often, or at least 
sometimes, non-vnulent as they occur m the secietions 

7 As secondary rnvaders tlrev undoubtedly unfavorably influence 
other primary infections 

Note — T his w ork was done in the Pathological Lnboiatoiy of Rush Medical 
College, thiougli the aid of the Alumnai Fellowship Fund, and under the direc- 
tion of Di Helctoen Much of the material was obtained at the Presbyterian 
Hospital, fiom the seiwce of Dr Billings, to whom I am greatly indebted The 
lemamder came fiom otliei scnices of the Pi esbytei lan Hospital, from Cook 
County Hospital and fiom outside sources I desire to express my thanks to the 
numeious physicians and to the physicians of these hospitals for their help in 
obtaining material uid foi ihcii n. im eouitcsies 

100 Slate Sliect 



HEART-BLOCK IK THE VENTRICULAR IV ALLS 

ALBIOX WALTER HEWLETT, MD 
sax riuxcisco 

Physiologic and clinical studies have emphasized the fact that the tu o 
ventucles of the heait oidmanly act as a unit, all paits contracting ap- 
proximately at one time and AAith all the foice of ■which they aie capable 
at that moment Hnder exceptional cncumstances, how e\ ei . the ven- 
tuculai contiactions may be more 01 less abnoimal, because tlieie is some 
mcooidmation eitliei between the two Aentncles 01 between different 
portions of the ventuculai musculatuie 

The following ca^e illustrates seAeial abnoimal loims of a entnculai 
contiaction aaIucIi aie interesting becau c e IIica weie obsened clinically 
and because some of them, at least, resulted fiom the action of stiophan- 
thm on an megularly acting heart The abnormalities will be discussed 
m the folloAvmg oidei 1, A'entneulai contiactions which pioduce warns 
m the yugulai pulse y but little 01 no effect on the ape\ tiacmg, 2, the 
supei position of one systole 01 paitial systole on anotbei 3, a delav m 
the onset of systole of the light Aontncle 

The patient on whom these obsenations weie made came to the medi- 
cal dispensary of the Cooper Medical College, Maich 26. 190S, complain- 
ing of shoitness of breath and a lump m the stomach He was a teamstei 
and had alivaA s wmrked hard and drunk heavilv He had had gononhea 
but demed sa plnhs About ffve months before while doing some heavy 
lifting, he Hist noticed Ins shoitness of bieath Tins had giadually 
giowm worse, more particularly m the past few' days, and on this account 
he had been unable to sleep foi seimal nights His mine had diminished 
m amount and lus feet and abdomen had become sAvollen In addition to 
these symptoms, he had suffered foi several months from wliat piovecl 
subsequently to be a lather tender epigastnc hernia of moderate size 
On examination he presented the appearance of a large, powerful 
man m the extreme stages of caidiac decompensation His cyanosis and 
dyspnea were extreme His heart Avas markedly enlaiged, the point of 
maximum impulse being plainly felt m the fifth mtei costal space 12 cm 
to the left of the midlme, and the light boidei being 6 cm to the light 
Auscultation showed only a rapid heart action with embryocaidia and a 
slight systolic murmur at the apex The pulse w r as small, regular and 
rapid, 140 to 160 to the minute The cervical veins rvere distended and 
markedly pulsating The liver could be felt 5 cm below' the costal mai- 
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gm, latliei lendei and distinctly pulsating Considerable fluid was 
present both in the abdomen and m the two plcuial cavities There was 
model ate edema of the genitals and legs The mine v r as highly coloied, 
but fiee from albumin Venous tiacmgs (Pig 1) taken at this time 
sliowmd a positne venous pulse and an absence of auncular weaves 

On account of the patient's senous condition, he was sent into the 




Fig 1 — Jugular and ladnl tracings taken befoie giung stropliantlnn Taclij 
cardia with a positive -venous pulse Time, 1/5 second 


Lane Hospital and w r as immediately given an mtiaienous injection oi 
one milligram of stropliantlnn Within a few minutes lus pulse changed 
most remarkably It began to intermit, but at the same time it became 
stronger Aftei an hour it had fallen to about 70 a minute and w r as of 
fail size but very a regular Coincident with this change m the pulse, 
the patient showed a veiy marked linpiovement in bis general symptoms 
He became less dyspneic, less cyanotic, and much less distiessed gen- 
erally Venous and livei tracings still showed the positive venous pulse 
\ 



Fig 2 — Jugular and radial tracings one half lioui aftei stiopliantlim mjec 
tion Time, 1/5 second 

with absence of the a-wave It was now the typical megulai pulse of 
auricular paralysis (Pig 2) The patient gradually improved during Ins 
stay m the hospital, so much so that before leaving his ventral hernia 
was operated on and cured 

During his whole stay, however, his venous and livei pulses remained 
of a positive type, for the most pait quite irregulai and without evidence 
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of auneular conti action The slight systolic munnui lieai d at the apex 
on admission disappeaicd Ncithei second sound was accentuated It is 
difficult to sa) whethei the positive venous and In ei pulses weic due m 
Ins case to an auneular paiahsis alone or whethei tlieic was m addition 
a tncuspid regurgitation without munnuis I am somewhat inclined to 
the latter view on account of the marked livei pulse and the tendenc} to 
plateau on the venous tracings 

During Ins stay m the hospital the patient piesented penods of regu- 
lar heart action associated with a positive lenous pulse In older to 
study the relation of this legular lieai t action to the megular, a great 
number of venous tiacmgs weie taken These failed to demonstrate any 
definite evidence of auriculai contractions even during the regular heart 
action Among them, howetei, seveial distinct abnoimahties m the chai- 
aeter of the ventricular eontiactions weic encounteied 

The first of these was the occunenee of \entncular contractions which 
produced waves on the jugulai pulse, but had little 01 no effect on the 
apex tracing Ordmanly in auneular paiahsis a ventncular contraction 
manifests itself graphically by an arterial pulse by waves on the cardio- 
gram and by maiked positn e w aves during systole on the i enous and liver 
pulses Sometimes no artenal pulse is pioduced because the systole is of 
insufficient foice to open the aortic valves and to «end blood into the 
arteries The apex tracing, theiefore, gives us moic ichable evidence of 
ventricular contraction than does the aitenal pulse 

In certain venous tiacmgs from this patient, how even a senes of 
waves were encountered between or just befoie the definite systoles (Figs. 
3, 4, 5, 6) These were not the single waves of mid-diastole which follow' 
the preceding sj stole by a definite interval and which aie fiequently met 
m tracings fiom patients with auneular paialysis Such waves aie piob- 
ably identical with the wa\e desenbed by Hirsclif elder and otheis 1 

The waves seen m this patient wcie fai too numerous and too variable 
to be explained as h-waves Foi them tw r o possible causes must be con- 
sidered In the first place such w r aves might be produced by n regular 
auricular contractions winch w r ere not followed by ventnculai systoles. 
In such a case they would be compaiable to blocked aunculai extra- 
systoles 2 oi possibly to some foim of aunculai fibrillation This patient. 

1 Hirschfelder, A D Some Variations in the Form of the Venous Pulse 
Johns Hopkins Hosp Bull, 1907, win, 265 Gibson, A G The Significance of 
a Hitherto Undeseribed Wave m the Jugular Pulse, Lancet, Nov 16, 1907 

2 Wenckebach, K F Beitrage zur Kenntnis der mensclilichen Herztdtig- 
keit (part 2), Arch f Anat u Physiol (physiologic section), 1907, p 1 Hewlett, 
A W The Blocking of Auricular Extrasystoles, Jour Am Med Assn, 1907, 
xlvm, 1597 
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however, gave no definite evidence at any time of auricular contractions 
eitliei m the jugulai 01 livei pulses or m the apex tiacmg At the time 
when these waves weie obseived his pulse presented all the signs of the 
absolutely megulai lhytlim of annculai paialysis It would seem lather 
improbable, theiefoie, that these venous waves should be due to auiiculai 
contractions 



Fjg 3 — Partial ^ntricular contractions at 1 and 2, w ith \eiy little effect on 
apex Figuie reduced onc-lialf 


Anothei possible explanation foi these naves is that they were due to 
weak or paitial ventnculai contractions It appeals at first thought 
lathei improbable that ventnculai eontiactions should affect the venous 
pulse, but not the apex tiacmgs Howevei, a caieful study of ceitam 
transition forms seems to confirm this view In the fiist place, the 
venous waves fiequently occuned m pans, p' and v\ ]ust as do the waves 
m the oidmary ventnculai contractions (Fig 3) In tlie second place, 
wlieie the waves weie well maiked the systole was often indicated on the 




Fig 4 — Transition of fairly well marked positive venous pulse 4 to a sei les 
of ill-defined w a-\ es at 1 At 1 tlie abnormal ventnculai contraction is immedi- 
ately followed m a normal foieeful contraction without an intervening diastole 


apex tracing In Figure 3, for example, it wall be seen that each pair of 
venous waves is accompanied by a slight but definite elevation m the 
apex tracing Were these venous and apical waves due to auncular con- 
tractions, one w r ould expect to find two separate elevations on the apex 
tracing corresponding to those on the venous pulse instead of the apex 
plateau, which denotes a single rather prolonged conti action 
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Finally some of these extia venous naves bcai a close lesemblance to 
tlie oidmaiy venous naves, tlieie being a definite tiansiiion between the 
two This is nell illustrated m Figme 4 In this tiacmg a numbei of 
jugular pulses aie seen which aie not accompanied by ladial pulses 
Those maiked 2, 3 and 4 icsemble the oidmaiy positive pulses, jet these 
show definite tiansitions to the senes of ill-defined naves marked 1 

It seems to me quite ceitam that ne aie dealing heie with slight or 
partial ventnculai contiactions nhich eithei do not aflect the apex tiac- 
mg at all oi else do so to a i erj slight extent. 

If this conclusion be collect, then Figiue 4 becomes lnieiestmg from 
another standpoint, because it slions lion a si stole may be supei imposed 
on one of these partial sj stoles without any intei venmg diastole The 
paitial contraction m 1, foi example, had liaidly leached its height befoie 
a second and effectual si stole took place The same is illustrated m 
Figure 5 at 1 and 2 



Fig 5 — Partial ventnculai contraction at 1 and 2, immediately followed by a 
noimal forceful one without an lntenenmg diastole Figuie i educed one half 

Mackenzie has noted somewhat similai waves to those lieie descubed 
on the venous pulse of absolutely megulai lieaits In one case where 
they evidently corresponded to ventnculai contiactions 3 he ascribes them 
to contractions of the light ventnele independent of the left In othei 
places wlieie the relation to ventnculai systoles was less definite, he is 
inclined to attribute them to auiieulai fibi illation 4 Sclimoll 5 interprets 
somewhat similai naves as due to partial ventnculai contiactions He 
proposes the term “ataxia of the heart” to eovei such instances of mco- 
oidmated contiactions Aside from these, I am unable to find anv lef- 

3 Mackenzie, James The Study of tlie Pulse, p 294, Fig 310 

4 MaeKenzie, James Tlie Interpretation of the Pulsations in the Jugular 
Veins, Am Jour Med Sc, 1907, cvxxiv, 12, Fig 24 Abnoimal Inception of tlie 
Cardiac Rhythm, Quait Joui Med , 1907, i, 39, Fig 10 

5 Sclimoll, E Ataxia of the Heart, lead befoie tlie California Academy of 
Medicine, May, 1908 
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erences in. liieiaiiue lo naves on tlie tenous iiacmg fiom cases of auncu- 
lar paialysis wlncli xesemble those 311st descnbed in this case 

The third abnonnality m the ventiicular conti actions is illustrated in 
Figure 6 A study of this liguie shows that the venous waves 1 , 2 and 5 
aie of the type commonly met in auiiculai paralysis They begin ]ust 
aftei the apex beat and 311st befoie the ladial pulse and consist of two ill- 
defined waves, p and v, united by a distinct plateau In the contraction 
marked 3 , howevei, the venous pulse does not begin until after the radial 
pulse In othei words, the force that pioduees the p-wave does not begin 
to operate until some little tune aftei the left ventiicle has passed into 
contraction I believe that the p-waie is sent back into the vein through 
the motionless amide by the onset of conti action of the right ventricle c 



Fig G — Contractions 1, 2 and 5 aie of the type ordinal lly met m auricular 
paralysis Contraction 4 produces w a\ es on venous pulse, but little effect on apex 
Contraction 3 shows marked delay in onset of venous wave Wave terminates as 
usual 

The late appeal ance of the p-wave, therefore, would indicate that tlie 
right ventricle has contracted some little time after the left A dozen 
or more similar delays m the systole of the right ventricle could be picked 
out from my tracings, but they do not differ materially from that shown 
m this figure It is interesting to note that, even though the systole of 
the right ventiicle begins late, the diastole occurs at the normal time 


6 Hewlett, A W The Intel pi eta tion of the Positne Venous Pulse, Jour 
3fed Research, 1907, xvn, 119 
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This will be seen b} compaimg the jugulai and apex tracings m the 
normal and abnormal contiactions of Piguie 6 

These various abnormalities m the ventuculai contractions bore a 
definite relation to the administration of stioplianthm to this patient 
The delayed contiactions of the right ventucle occuned only after this 
diug had been given and weie noted on two of thiee occasions a few 
hours after the mtiavenous injection of one milligiam The ventricular 
contiactions which produced waves on the venous pulse and not on the 
apex tracings were found once or tv ice when the patient had not been 
taking strophantlim After taking one milligiam of this drug, however, 
they occurred regularly within a few houis 

The nature of these various abnormal ventncular contractions is not 
altogether clear The delayed S3 stole of the light ventucle is, perhaps, 
the easiest to explain This was a del a red but not a weak contraction 
In other words, it must be assumed that the ventnculai muscle was 
capable of performing an active conti action, but that the stimulus 
reached it abnormally late Theie was then some sort of a block to the 
stimulus destined foi the light ventricle Wh ether or not this block 
occuned m the right limb of the His bundle can not be definitely an- 
swered, but the hypothesis is an atti active one 

The othei abnormalities m ventnculai contraction aie more difficult 
to explain They aie slight or paitial contractions, m many instances 
immediately succeeded by normal contractions It seems lather im- 
probable that these small contiactions should represent weak systoles 
involving the whole heait According to the law of all or nothing, the 
heart muscle responds to a stimulus with all the force of which it is at 
the time possessed Had the entire ventncular muscle obeyed this law it 
is difficult to see wlty these slight contractions, haidly begun, should 
be followed by normal forceful contiactions It seems to me much moie 
likely that the small waves were produced by contractions of a poition 
only of the ventricular musculatuie In such case the remaining unused 
muscle would be leady to lespond to an immediately succeeding stimulus 
with a normal forceful contraction 

This view is supported by the fact that these abnoimal contiactions 
were greatly favored by the use of strophantlim It is well known that 
strophantlim, m common with other membeis of the digitalis group, 
tends to inhibit the passage of stimuli fiom one portion of the heart to 
another The fact, then, that these abnormal systoles were favored by 
strophantlim gives support to our belief that they were partial ventricular 
contractions due to a blocking of the stimulus and a limitation of its 
effect to one pait of the muscle This view is also supported by the 
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simultaneous occurrence of delated contiactions of the light tentacle 
which iveie almost ceitamly due to some soit of blocking 

The possibilities of paitial contiactions of ventucular musculatuie 01 
of blocks within the ventucles do not seem to have been generally con- 
sideied The latter has been offeied by Schmoll 7 as an explanation foi 
the slow heait action which occuis duiing the paioxysms of Adams- 
Stokes’ disease m complete heait block The occuirence of paitial con- 
tiactions has been obseived expenmentallj m dying hearts, one ventnele 
stopping befoie the othei It has also been obseived befoie the 
ventucles pass into fibi illation, at which time they often show 
wates of contiaction involving only a pait of the muscle Clin- 
icians have approached this subject m the discussion of lienn- 
systole According to ion Lejden , 8 9 it is possible foi the light ven- 
tucle to beat independent^ of the left ion Leyden's tiaemgs hou r etei, 
admit of an entirely diffeient intei pretation , 0 so that the hypothesis of 
liemisystole has lather fallen into disfavoi Neveitheless, Mackenzie has 
noted at least one instance of the condition m a djmg heait 10 Moie 
lecently Kraus and Nicolai 11 have advocated the possibility of hemi- 
systole, basing their conclusions both on experiment and on evidence 
derived from electrocardiograms Schmoll 5 has also called attention to 
the possibility of partial contractions of the ventucles and pioposed the 
general name of ataxia of the heart foi such conditions One may w r ell 
speak of ataxic contractions of the ventricles m the case that I have just 
descubed for the systoles w r eie mcoordmated, and foi this leason more or 
less ineffectual The relation of such contiactions to fibrillation of the 
ventricles should not be overlooked Befoie the ventricles pass into 
fibrillation they frequently show mcoordmated weaves of contiaction, 
involving only a part of the musculature On account of this 1 elation to 
fibrillation and on account of the ineffectual eliaiactei of many of the 
contractions m my patient, it w r as deemed unsafe to continue the stio- 
phanthm injections beyond the thiee that he received One danger of such 
injections consists m the fact that there are no means of conti oiling the 
action of the diug after it has once been given 

7 Schmoll, E Deutscli Arch f ldin Med , 1906, lwwn, 554 

S Recently reviewed by ion Leyden and Bassenge Uebei ungleich/eitige 
Ivontraktion der beiden Herzs enti ikel ( Hemisy stole ) , Ztsclir f klm Med, Kiv, 1 

9 Hermg, H E Deutscli med Wchnsclu , 1903, No 22, p 381 

10 Mackenzie, James The Study of the Pulse, p 296, Fig 314 

11 Kraus and Nicolai Ueber die functionelle Sohdantat der beiden Heiz 
li ilfte, Deutscli med Wchnsclu , 1908, wuv, 11 
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CONCLUSIONS 

1 Ventnculai conti actions may cause waves on the 3 Ugulai pulse 
w ith little 01 no effect on the apex heat 

2 Such contiaetions may he followed immediately by noimal con- 
tractions without a diastolic penod 

3 The light ventucle may begin its conti action distinctly latei than 
the left 

A In my case these w r ere laigely stiophantlim effects 

5 They aie piobably to be mteipieted as instances of mtiaventiiculai 
heait-block 
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THE HOLE OF FERMENT-REVERSIONS IN METABOLISM - 

ALONZO ENGLEBERT TAYLOR, MB 
SAN rHANCISCO 

The biologic sciences aie iaieh r able to avail themselves of the use of 
theory, as can so commonly be done m the physical sciences, m such a 
way that the themy serves as a piophect 7 foi the future, as well as an 
aiticulation with the past When, bourn ci, phases of biologic knowledge 
aie secuiely founded on a physical basis, it becomes possible to review 
a subject fiom the point of view of theoietic mteipietation Within 
lecent yeais such a piocedure has become possible m several directions m 
physiology 

The subject of the idle of feiment-ieveisions m metabolism is nat- 
uially one of gieat mteiest, and, as the bainsteis say of a line of mterio- 
gation m the mtioduction of evidence, the propei foundation has been 
laid foi it It must be eleaily realized, houevei, that if such a proceduie 
as I contemplate is to be made profitable, the scope of inquiry must be 
extended to the broadest limits of biologic matters The inquiry may be 
made undei tlnee geneial headings 

1 What is the status of the theory of leveision of chemical and 

physical leactions m the pine sciences ? 

2 What aie the specific facts tending to demonstiate that the theory 

holds m the conciete sense m biologic matenal? 

3 What aie the facts m physiology, as yet moie oi less devoid of 

leasonable explanation, that ma} r be logically classed as in- 
stances of such revei sions, and grouped as such under a com- 
prehensive theoretic interpretation ? 

Finally, it will be interesting to contrast the physiologic with the 
physical station of equilibrium 

The tjqoes of reaction concerned m the leveision within biologic 
bodies are varied Many of them aie anliydrations, condensations, leac- 
tions m which watei is added to form larger molecules , such are the reac- 
tions concerned in the synthesis of carbohydiates, fats and proteins 
Others are reductions and oxidations Very important from the con- 
structive point of view are the intramolecular rearrangements Of this 
class theie are tuo groups, depending on whethei the mass of the mole- 
cules is mvaiiable oi vaned An illustration of intramolecular rear- 
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langement without alteration m moleenlai mass, strictly isomeric, is to 
be noted m the sugais 'Within the hod} the thiee hexoses, d-glucose 
d-galactose and d-levulose, aie subject to conversion into one anothei 
That the different hexoses tend thus to pass mto the isomexic sngais as a 
chemical reaction v,*as shown }ears ago b} Lobry tie Bruin and A' an 
Ekenstem These leactions, as will be pointed out, aie of \cry wide- 
spread occurrence m the vegetable kingdom Illustiations of intra- 
molecular reairangements, which aie of the greatest importance, includ- 
ing alterations m the molecular mass, aie to be found in. the different 
forms of protein leactions 

The term “ferment-reversions'’ constitutes a verbal incongruity The 
reactions under consideration are, of course, not mauguiated bv the 
piesence or the action of the ferments, the enzymes simply accelerate 
the velocity of alieady piogiessmg reactions The autoreactions that are 
accelerated by enzymes aie, m themselves, the expressions of the leaction- 
qualities of the substance involved and piogiess to an equilibrium in 
accordance with the laws of mass-action and equilibrium There are no 
energy-relations, but solel} the relations of 1 cacti on-velocity, concerned 
m the process By clearlv lealizmg this fact it is possible to avoid the 
absurd blunder into which many medical uniters fall, namely, that the 
theory of the reversion of ferment-ieactions constitutes a violation of 
the law of the conservation of energy The additional objection, fie- 
quentlv stated with pronounced apprehension, that the theory of S}n- 
thesis b} leveision of reaction involves a restriction of the scope of the 
so-called vital activities of the cells, must unqualifiedly be admitted to 
be based on fact This, howevei, in my humble opinion, is no loss to 
either biology or chemistiy 

The fiist heading that I have given does not require long considera- 
tion It is not necessary to-day to elucidate the theory of the leveision 
of chemical reaction Eo proposition m tlieoietic chemistiy is more 
firmly established, and modem tieatises practically lest on the flat 
dictum that all chemical reactions aie reversible, if the pioper conditions 
are attained In the domain of physics the facts are not always so clear 
Wlnle some of the most exquisite illustiations of reversion are noted m 
physical reactions (as, for example, m the two forms of crystallization 
of sulphur), the notion is cunent that the colloidal reactions are not 
revei sible A great deal of hasty and immatm e work has been done on 
the subject of the colloids, and of no othei subject of experimental in- 
vestigation can it be so emphatically stated to-day that the experimental 
data lead to conflicting and incongruous inferences It is clear, how- 
ever, that included within the so-called colloidal reaction are at least two 
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faclois piuely chemical leaciions and the leactions of capillantj', using 
the term m the stuct sense of Willaid Gibbs How a levicw of the theory 
of capillanty does not snppoit the notion that the colloidal icactions aie 
not leveisible, that is a puiely aibitiaiv assumption, and is not included 
m the mathematical foimulation of the theoiy of capillanty So fai as 
the pui poses of this aiticle aie concerned, hoimci this vhole mattoi is 
quite nnmateiial, foi we shall be concerned almost exclusively with 
puiely chemical leactions Foi oui put poses theiefoie, unlimited me 
may be made of the ph) sicocliemical theoiy that all leactions aie le- 
veisible and tend to stations of equilibnum, m ulnch the opposing leac- 
tion-piogiessions aie compensated and balanced In dnect analogy to 
the kinetic theoiy of gases, ue must behcxe that m chemical systems 
theie is no cessation of leaetion, but only the exact countei balancing of 
unceasing opposing leaction-piogiessions 

The demonstiation of the occuiience m biologic sj stems of the ieiei- 
sions that were piedicated by theoiy followed closely on the definite es- 
tablishment of the theory in the mother science The expenments m 
vxho have, m many directions, demonstiated such leactions and liave 
attracted widespread attention, because the accomplished leaetion con- 
stitutes a synthesis Ten ^eais ago Cioft Hill synthesized isomaltose 
fiom d-glucose undei the action of a vegetable maltase Since this time 
isolactose has been synthesized by Fischei and Aimstiong, isosaechaiose 
by Wioblewsla, while such aitificial sngais as tn-acetyl-glueose have 
been synthesized through feiment-action by Aciee and Hinlans That 
m all the instances of the synthesis of disacchands tlie isomer lias been 
obtained m no wise affects the validity of the lesult In the hydiolysis 
of maltose, lactose and saccliaiose the iso-sugai appears as the first 
product of the leaetion Whether the analytical results m the reported 
experiments are due to the time-factor, the experiments not having been 
allowed to continue long enough to peimit the final pioduct to be found, 
01 whether the steieo-isomenc lelations have been the determinants m 
the outcome, can not now be stated The synthesis of glucosids, so 
closely related to the disacchands m general conformation, has also been 
accomplished by Fischer The definite synthesis of a definite polvsac- 
chand has not yet been accomplished The reported results of the synthe- 
sis of glycogen by Crenier, and of starch bv Wolff, Fembach and Ma- 
quenne, have not been propeily established by indisputable analytical 
demonstrations These same 1 eversions may be accomplished with inor- 
ganic catalysois, as was shown yeais befoie the investigations with the 
feiments, when Wolil and Fischei synthesized isomaltose from glucose, 
under the action of sulphuric acid The fact that when the synthesis is 
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accomplished nndei the action of snlplnuic acid, the iso-sugai is foimed, 
as is the case -with the fci ment-ie\ eisions lobs this fact of an}’ specific 
significance 

The synthesis of a monosacchand, like glucose fiom a piodnct of its 
fermentation, has not been accomplished, noi even lationally attempted 
Between d-glucose and its pioducts of fermentation, eth}l alcohol and 
carbon dioxid, tlieie aie at least two knoun mtennediaiy stages metbrl 
glyoxal and lactic acid The foimalion of the fust stage, lactic acid, 
from etln 1 alcohol and caibon dioxid, could not be accomplished except 
nndei veiy high pie=suie of the caibon dioxid m the system, m the 
analogous sjnthens of sulphmic acid fiom zme sulphate and gaseous 
hydiogen eighteen atmosphenc pie^suies of the hydiogen weie found 
necessaiy The lepoit bv Albeitson of the synthesis of d-glucose fiom 
ethyl alcohol and caibon dioxid nndei the action of zymase, vas ryot only 
lacking m anahtical foundation, but uas devoid of the necessaiy theo- 
retical basis 

The synthesis of fats tliiough fciment-action vas easilr accomplished 
Almost simultaneously Beinmzonc and Ivastle and Loevenhait synthesized 
lowei esteis of the noimal ^enes as did latei Hannot Latex still Pot- 
tevm and Ta}loi ueie able to foim the noimal higher fats, using, le- 
spectivelv, the lipa=e fiom the pancreas and the castoi bean The stiuc- 
tural lelations axe lieie veiy cleai The composition of the products is 
easily capable of absolute demonstration Artificial esteis can also be 
found, and appaientlv the condensation of an alcohol and a fatt} acid 
represents the most feasible illustiation of a leveised ferment-action 
It must not be forgotten^ hover ei, that the autoieaction pioceeds lieie 
vitli a demonstiable velocity, so that the condition is one extreme!} 
favorable to the demonstration of catal}tic 01 enzrmic aceeleiation The 
formation of these fats maj also be easily accomplished undei the influ- 
ence of inoiganie catahsois 

The synthesis of piotems fiom anndo-acids thiougli the action of 
ferments has not been accomplished with the ease noted m experiments 
with the fats and sugais The investigations of Fiscliei m the condensa- 
tion of anndo-acids to the so-called peptids indicate that the conditions 
for the reaction not only aie difficult to secure, but must be rigidly main- 
tained In a woid, the synthesis of piotem in the laboratory will be 
much moie difficult than was the s}nthesis of sugai Years ago a long 
series of negative investigations was published by Tavloi, and Abderlial- 
den has likewise published the details of negative experiments A }eai 
ago I reported the sr ntliesis of piotannn, the simple piotem occur 1 mg m 
the speimatozoa of fishes fiom its component anndo-acids, through the 
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action of a tnpsm obtained from the liveis of California clams As 
the substiate of this expenmenl, I employed the digested pioducls of 
piotamm Though the positne lesulls obseived m the expenment uith 
the tijpsm weic not obseived m the contiols, nei ei theless, the expen- 
ment lacked the complete lahdity that could be obtained vere the leac- 
tion accomplished fiom the pine amido-aeid This expenment I have 
since lepeated, and I am able to state that by bonne tiypsin and by 
tiypsm fiom the clam, piotannn may be synthesized fiom arginin and 
the monamido-acids contained m piotamm, isolated and pinitied In the 
Pischei estei -method 

This leads up to the 111am subject of mquii} What are the facts m 
metabolism that ma> be logically giouped undei a theoietic intei preta- 
tion resting on the proposition of leaction-ieveision ? Let us examine, 
first, the protein metabolism Cliait 1 lllustiatcs the chain of facts m 
the mtiogen-metabolism m biology 


Chari 1 - Nitroc.cn Mitaboli^m 



Nitrous o\id 

A 


/ 


+ W.itc 

/ 

Nitnc o\id 
Amido-acids 
Theo-amido- acids 
Benzol amido-acids 



-> 


/ Urea 
/ Ammonia 
\ Creatin 
\ Cieatimn 


Amid 


+ Fatty acids = amido = acids 
Ammonia 


Protein < Specialized 


■ Protein 


Amido-acids 


\ 


/ Ammonia 

Watei y 

\ Caibon dioxicl / 


.Nitrogen 


^ Oxygen 


> 


The formation of the oxids of nitrogen fiom the gaseous oxygen and 
nitrogen of the atmosphere is a function fundamental to the lower foims 
of plant life, and probably also animal life That these oxids are formed 
m the air by electrochemical reactions is, of course, certain, but it is 
equally certam that the reaction, as related to bactenal life, is entirely 
independent of this, and probabty exceeds it laigely in quantity Be- 
tween the two oxids of nitrogen an equilibrium exists All bactenal 
cultures that produce the one produce the other All bacteria that form 
nitrite from nitiate also form nitrate from nitrite Mammalian juices 
have the same properties 

The next step lies m a combmation of water with the oxids of nitro- 
gen and with the production, through reduction, of amid and ammonia 
The direct combination of nitrogen with hydrogen apparently does not 
occur The nitrogen is first oxidized and then reduced These icduc- 
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tions aie also the functions of lowei vegetable and animal life Ap- 
parently lieie, also, an equilibiium exists, though, m the attempt to 
manufacture ammonia fiom mine oxid, it lias been difficult of definition 
Culture expei iments on the action of bactena upon the cyanamids how- 
ever, indicate cleaily that the leactions aie reversible 

The next link in the chain consists m the combination of the amid 
with fatty acids to fonn amido-aeids The denvation of the fatty acids 
will be consideied latei This reaction mailcs a gieat rise m biologic 
dignity*, and is resident in all the higher plants While some of the in- 
vertebrate forms of animal life aie able to subsist on ammonia and amids, 
the higher forms can not accomplish the s}nthesis of amido-acids from 
the fatty acids The reaction is typically and legulaily leversible m 
vegetable life, as may be seen m the geinrmation of seeds Plants pro- 
duce, fui tlier, two particular gioups of amido-acids, those containing 
sulphur and those containing benzol These compounds, indispensable 
to animal life, can not be formed at all m the higher animal organisms 
Man, for example, can not fomr amido-tliio-acids fiom sulphur m what- 
ever form he ingests the latter he can not ingest benzol and fiom it form 
benzol-amido-acids , for these tno special compounds he is absolute!} 
dependent on the plant world 

The final step in the anabolism of nitrogen lies m the condensation of 
the several amido-acids to proteins This reaction, most difficult m 
uUo, as the studies of the Fischer school indicate, is apparently accom- 
plished by all plants and animals While one must not be dogmatic on 
this point, the experimental investigations indicate that m the dog and 
the rabbit the nitiogen metabolism may be suppoi ted by amido-acids, 
that is, the organism is able to form piotem from anndo-acids Fiom 
the common protein, typified by seium-albumm, the oiganism forms the 
specialized body-protems, gelatin, myosin, leticuhn, hemoglobin, casein, 
etc, by intramolecular rearrangement of the amido-acid gioups This 
completes the chain of synthesis Undei the influence of mti acellular 
ferments, the proteins of the body are hydrolyzed to the component 
amido-acids, and these aie then subjected to desamidation, cleavage and 
further oxidation, the nitrogenous moiety appearing as uiea, ammonia, 
the members of the laeatm-group reactions common m type to all classes 
of animal and plant organisms By the action of bacteria these end- 
products of higher organisms are 1 educed to gaseous nitrogen, oxygen 
and water, thus completing the cycle The two chief differences between 
the chemical activities of mammals and those of the lowei plants lie, on 
the one hand, m the fact that out organism can not complete the cycle , 
on the other hand, m the fact that m man the specialization of piotems 
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leaclies a much lughei stage What lias been lost m adaptation has been 
compensated by specialization m synthesis Man has learned to apply 
the lesson in tins to the uoild below him, the mtio-bactena aie made to 
seive the lughei plants, just as these plants sene the lughei animals 
The entne e)cle constitutes a reversion m the physical sense In 
the chemical sense, it can be shown that nearly all the individual stages 
orTeactions aie capable of icveision in the organism m which they occui 
The digestion of piotems is an act of livdiolysis, the piotems being split 
into then component anndo-acids In this form they aie laigely, if not 
entirely, absoibed While it may be admitted that the pioducts of diges- 
tion above the stage of the seveial amido-acids aie, to some extent, capa- 
ble of icsorption, we icalize that the velocity of icsoiption must be a 
function of the divisibility of the ‘substance, and, theiefoie, m the 
quantitative sense, the state of icsorption is unquestionably that of the 
anndo-acids In the poital vein, the matenal is to lie found largely m 
the form of common piotem Wheie has this condensation oceuried 2 
Obviously m the intestinal vail flow? The only available and logical 
intei pi etation is to piedieate a leveision theie, undei the influence of 
enzymes It is, however, not a qualitative icveision, foi the partieulai 
piotems that veie m the diet aie not to be found m the blood, onlv 
seium-albumin and the globulins aie theie Which of these is fiist 
formed is not definitely known, but geneial consideiations lead to the 
inference that it is the serum-albumin that is primarily formed from 
the products of the digestion of piotem and that from it the serum- 
globulins aie formed The seium-albumm piesents no biologic stamp , 
the serum-globulms possess specific biologic pioperties, which ve infei 
were bestowed on them m the conversion fiom serum-albumm In all 
probability" there is a relation of equilibrium between these several blood 
proteins, m any event, the two globulins are known to polynneiize m 
eitliei dnection, and the same fact probably holds foi serum-albumm 
and soluble globulin These blood-protems are the substrate from which 
all the specialized proteins are formed These syntheses aie concerned 
entirely with the groupings of amido-acids, m both the qualitative and 
the quantitative sense In general it may be said that the different spe- 
cialized proteins contain the same amido-acids, but m different amounts, 
and infei entially m different intramolecular relations But, m addition 
thereto, some proteins contain certain amido-acids that are not found m 
others Thus some proteins are rich m glycocoll, tyrosm, or thio-amido- 
lactie acid, while others contain little of these and a few, indeed, none 
at all The researches of the Fischer school have given us our first in- 
sight into these intramolecular arrangements, and u e may expect much 
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additional light on tins subject dining the next few yeais The reac- 
tions of the piotem catabolism lesemble, in all their chemical details, the 
tij ptic digestion of piotem Theie is eveiy leason to believe that the 
autohtic cellulai degeneiations aie earned to the stage of the amido- 
acids Fiom these the kieatm, kieatmm, mea and ammonia are denved 
and lepiesent in geneial tenns the end-piodncts of the mtiogenous 
metabolism To u hat extent these aie conelated m functional, as well 
as m chemical denvation, is not jet clear Theie exists good evidence 
tending to sepaiate the cieatm from the mea metabolism On the othei 
hand, theie is no doubt that laeatm and kieatmm may be converted into 
uiea just as may unc acid That the variables m kreatm, kieatmm, 
uiea and ammonia might lepiesent the relations in an equilibrium- 
system seems to have been overlooked by woikeis m tins subject The 
body-jiuces aie able to foim uiea fiom ammonia and ammonium caibon- 
ate and ammonia fiom uiea The equilibrium m this leaetion was long 
ago established by Fausitt The body forms uiea from amido-aeids, but 
as fai as is known, the leveision of this reaction does not occur m the 
body These lower icactions, below the stages of the amido-aeids, aie not 
peifoimed bj the digestive juices and m this respect autolysis diffeis 
fiom tiyptic digestion We deal lieie, of course, with two supeiimposed 
enzymic icactions The fact that mea can be formed in who fiom 
aigmin, from monamido-acids and fiom different ammonia-salts, by ani- 
mal extiacts, renames the entiie subject of urea-formation fiom the 
domain of cellulai pin siology, m the oldei and commonly accepted sense 
of that teim 

Tlie ejele for the caibohydiate metabolism is shown m the second 
ch ait 

The leactions given foi the fust stages m the 1 eduction of carbon di- 
oxid are di awn fiom two sources bacterial investigations and chemical 
studies on the silent electnc dischaige That chloioplyyl, m the presence 
of sunlight, reduces carbon dioxid is, of course, a fact long known Re- 
cent investigations have shown that ozone, hydrogen peioxid and fomial- 
deliyd are formed, and the leactions given m the chart represent the most 
simple and logical way of stating these facts Loeb’s investigations, 
conoboiatmg the eailier woik of Warburg, have shown that the same 
substances aie formed when carbon dioxid is reduced m the electro- 
chemical reaction When it is recalled that Fischer has synthesized the 
sugars fiom formaldeliyd, the scheme becomes very impressive From 
the fonnic acid we may naturally predicate the derivation of the various 
fatty acids, which, combined as amido-aeids, are the component of pro- 
teins Fiom foimic acid also, we may, by dnect piogiession m svn- 
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thesis, use to the highei fatty acids that foim, with glycenn, the natuial 
fat Theie can be no doubt that the fats aie foimed fioni sugar, and 
both routes aie indicated in the chait 

The reactions up to the stage of the siv-eaibon sugais occur m all 
plants and appaiently m some of the lowest forms of animal life — unless 
we cling to the old classification by m Inch chlorophyl absolutely distin- 
guishes plants fiom animals Whethei the sugais me foimed by rcgulm 
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progression, the hexose from the pentose, is not known, but it is unlikely , 
while it now seems certain that m the higher animals glucose can be 
formed from pentose, and vice veisa, it is certain that m plants the 
hexoses are not formed through the stage of pentose 

Once the stage of the hexose is attained m plants, most interesting 
reactions occur From general evidence it may be assumed that d-glueose 
and d-levulose, lespectively, aldehyd and ketone sugais, are the pnman 
hexoses These, as first shown by Lobry de Bru3n and Van Ekenstem, 
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undeigo mtiamolecular leanangement mto each otliei Many plants 
contain d-galactose, m the state of glneosids , and this is, m all probabil- 
ity, derived fiom d-glucose by mtiamolecular reanangement The lela- 
tions of equilibimm between d-glucose and d-levulose aie varying m 
different plants and imdei diffeient conditions The situation of this 
equilibimm is complicated by the fact that the two sugars are also undei- 
gomg combination to fonn cane-sugai In the sugar-beet and m the 
sugai-cane equal amounts of the tv o hexoses aie formed, and the com- 
bination is quite complete, so that the [juices of these plants contain 
laigely cane-sugai In many other plants, the quantities of the two 
hexoses vaiy, and the amount combined into the disacchand vanes 
Thus, some beines yield laigely d-levulose, otheis d-glucose and little 
cane-sugar, while otliei beines contain moie d-glucose and much more 
cane-sugar Some dates piesent a laige amount of cane-sugai , otheis con- 
tain d-glucose laigely, with less of cane-sugai and not a little of uncom- 
bmed d-levulose In such plants as form staieli, the lelations become still 
more complex, since maltose is being formed fiom the d-glucose, and 
from this, m turn, starch Thus 


Cone-ougex 



Any consideiation of equilibrium must needs, theiefoie, be concerned 
with five states m a chemical system containing primarily two chemical 
substances More than this, the relations vary with time In the unupe 
banana, starch is present m predominating amount, as the fruit ripens, 
d-glucose and d-levulose appeal moie and more These combine, so that 
when fully ripe theie is much cane-sugar piesent Over-ripe bananas 
display a marked inversion of their cane-sugar, due, not to bacteria, but 
to postmortem digestion It is common m fruits and plants to find the 
reactions largely m one direction, as to the stage of starch, during the 
period of growth, while during the period of ripening these reactions 
are reversed, and the products return to the state of sugar In the case 
of the grains and seeds, on the other hand, the carbohydrates remain 
during the period of ripening, and the reversions occur during the period 
of germination, but thioughout the scene reversions dominate the situa- 
tion In another group of plants, reversions occui between fats and 
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sugar Tims, m the coeoanut, fat is foimcd fiom the sugai duimg the 
penod of glow th, while duimg the penod of upenmg sugai is formed 
fiom fat Some of the plant-disea«es act thiough such imeisions Thus 
tliere is a disease of the sugai -cane m which the leieision leads to an 
excess of piimai^ sugais Theic is anoiliei disease m which an abnoimal 
polymerization to a dextun occuis Both aie unquestionably fcimenta- 
tive 

Passing now* to the lelations m highei animals, similai conditions aie 
encounteied On digestion, staich is hydiolyzed to maltose, and this 
then to glucose Maltose can be icabsoibed, as it is readily diffusible, 
but since it appeals m the blood onl} as d-glucose. it must have been 
mveited duimg its passage thiough the walls of the digestive tiact Milk- 
sugar and canc-sugai aie also split into then component hexoses duimg 
the act of digestion Thei, aho being diffusible substances, can be le- 
absoibed, but ]ust as m the case of maltose only d-glucose appeals m the 
blood, so that the} must have been imeited duimg then passage thiough 
the wall of the digestive tiact This mvei sion-f unction of the mucosa 
of the alnnentaiy tiact has been too often oveilooked and constitutes an 
indispensable factoi m the digestion of caiboh^diates Maltose can be 
I13 droly/ed to some extent m the blood and tissues, but apparently cane- 
sugai and milk-sugai can not be imeited within the tissues, and aie 
eliminated unchanged 

The onh glucose to be found m the blood, no matter wliat the diet, is 
d-glucose Theiefoie, duimg the act of lesorption thiough the ali- 
mentaiv tiact, d-levulose and d-gelactose, components respectively of 
milk-sugai and cane-sugai, aie converted by mtramoleculai leairange- 
ment into cl-glucose, again without doubt, the 1 cacti ons of fermentation 
These reactions can occui also m the tissues and fluids of the body to 
some extent When d-levulose is ingested it is laigely utilized, d-galac- 
tose, to a much less extent That the body does not burn d-levulose and 
d-galactose, can not be stated 01 pioved, but it is much moie likeh 
that the body first converts them into d-glucose In a similai mamiei 
it can not be denied that the bacteria of glucose-feimentation act on 
them, but it is much moie likely that they aie hist converted into 
d-glucose and then feimcnted 

The d-glucose is, therefore, the common body-sugai, the substiate 
of the carboliydiate-metabolism Fiom it the body foims glycogen, -just 
as plants form staieli and just as the staich is stored until, duimg the 
penod of its matui ation or germination, it is reconverted into sugai, 
so the gl} cogen is stoied until, the body having diaum on its mass of 
sugai, it suffeis imeision Without doubt the mass of sugai is the 
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essential facioi , tlicie is a station of equilibmnn between sngai and 
glycogen When the sngai is augmented by ingestion the leaction pio- 
ceeds m the dneetion of glycogen When the mass of sngai is 1 educed 
by combustion the m eised action occuis Fat is also formed fiom sugai, 
and lieie, too, some such lelation of equilibinmi must hold, though the 
situation is not at all cleai 

The conveision of d-levulose into d-gluco^e, which occuis m the 
mucota m the alimentai} tiact, is not leveisible in the animal body The 
conversion of d-galactose to d-glucose, on the conti aiv is leveisible, and 
the leieision constitutes two nnpoitant pin siologic piocesses Integial 
to the cential neivous si stem aie combinations of d-galactose with 
lipoids, the d-galaetose is foinied m the bod} because the giowth of the 
neivous system is not dependent on the presence of d-galactose m the 
diet, and the blood contains onh d-glucose This (d-glucose) is also 
cained to the aetne mammaiy gland, theie m pait conveited into 
d-galactose, and combined w ith an equal mass of d-glucose, to form milk- 
sugar If this lactose be then lesoibed fiom the mammaiy gland into 
the cnculation it can not be utilized 01 split and is eliminated unchanged 

This bnef summary will indicate that m animals, as well as m plants, 
the caibohjdiate-metabolism piescnts a laige numbei of facts that can 
be reasonably mteipieted only on the tlieoiy of ie\eisions applied to fei- 
mentative piocesses 

Coming nov r to the catabolism of the caibolij diate-metabolism, w r e 
may assume that d-glucose is the single substiate of the leactions of car- 
boliydiate combustion within the body That section of the cliait de- 
voted to this portion of the cycle is an adaptation of the scheme of 
Stoklasa and Bach It contains the possibly staitlmg assumption that 
the combustion of sugai in the body passes thiough the stage of ethyl 
alcohol 


Chart 3 — Carbohydrate Catabolism 
Glucose — > Methyl glyoxal — > Lactic acid < Carbon dioxicl 

The scheme is not capable of direct pi oof to-day It is based on the 
following gioups of facts Known baetenal combustions follow the 
scheme, reactions in v\ti o with ferments follow the scheme, leactions 
m vitio with diffeient methods of oxidation follow the scheme quite 
closely, and it piesents no chemical difficulties, and, lastly, nearly all 
the substances denominated are known to occui in the normal bod} 7 , and 
those not definitely known to occui, aie such as aie with gieat difficulty 
detenninable — foi instance, the aldelivd It can not be compaied dnecth 
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with, the scheme foi the anabolism of caibohydiates, as theie is theie a 
breach between the stage of foimaldeh}d and that of sugar 

Of this scheme, the only part that concerns us in a discussion of 
ferment reversion is that above the stage of lactic acid Poi reasons 
before mentioned, a combination of ethyl alcohol and carbon dioxid 
could not be expected to occui m the body The reveision from lactic 
acid to d-glucose can be easily made in vxiio , and your president, 
Gialiam Lusk, has advanced good eudence that it occurs m the body 
Despite the appaient simplicity of the chemical composition of the 
fats, the steps m then natuial sjnthesis aie not clearly understood 
Unquestionabl} , they are liist formed m a ege table life by up-building 
from the lowei fatty acids When fatty acids aie formed m the labora- 
toiy, one observes an undoubted tendency foi them to be foimed in senes 
of even caibons The highei fats oecurnng m hTature belong largely to 
the even-carbon senes, and the assumption is, theiefore, natural, that 
two (CH)_ gioups aie added m each step The foimation of the higher 
fats fiom eaibon and water is the function of all plants, unless we are 
to assume that m plants the synthesis of the fats may be, instead, via the 
route of sugar That m many plants, particularly m seeds and fiuits, 

the reversed reaction, sugar < >fat — fat< > sugar, is a prominent 

reaction, is well known Whether the highei animals form fats from the 
low r er fatt} acids, is not definitely known If we knew whether m the for- 
mation of fat fiom sugar, the sugars were hist built dowm to lower fatty 
acids, w'e should know from what point m the scale of the fatty acids the 
animal-oiganism is able to synthesize the higher fats, but the steps m 
the conversion of sugar into fat m the animal organism are entirely un- 
known The synthesis of glycenn is easily accomplished m both plants 
and animals The power of the animal organism to modify highei fats 
seems to be extremely limited, and this is expressed m the familiar 
experience that the fats of the diet are deposited m the body unchanged 
On the contrary, when the body forms fat from carbohydrate, the species 
of the animal concerned is of determinate importance Cattle, horses, 
dogs and swine will form from the same carbohydrate fats containing 
verv different relative amounts of palmatm, stearin, and tuolem If, 
however, these four animals are fed fats, these will be deposited un- 
changed m the tissues We may formulate this in the teims of the law 
that bod} -fat when derived from ingested fat, is specific to the diet, 
when formed fiom carbohydrate, specific to the species 

In the digestion of fats we deal with a simple cleavage I think it 
ma} be stated to-day without fear of contradiction, that fats are absorbed 
onh aftei cleavage into gh cerm and fatty acids, and not m the form of 
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an emulsion In tlie fluids of the letropentoneal lacteal cn dilation the 
fats aie found again lecombmed This lecombmation of the fattv acids 
and the glyceim must have occurred during the piocess of resorption 
through the intestinal mucosa — clearly an act of dnect and simple re- 
veision Following this, occurs a very impoitant condition, which has 
been generally or ei looked The fat of the body is present m two forms 
hist, as insoluble neutral fat, lepiesented h\ the fatty depots of the body, 
and second, m a soluble state m the cnculatmg fluids, the fat m this 
instance being in combination with some othei unknown component and 
combination constituting a soluble and diffusible substance This fact, 
flist described bv Connstem I have been able to venfy It indicates, 
piobably, the following situation 

Depot-fat is stoi age-fat purely, is not susceptible to any reaction, and 
coi responds, m the fatty metabolism, to uhat glj cogen is m the carbo- 
lndiate metabolism The active chemical state of fat m the metabolism 
is the foim which is insoluble, diffusible combination This is the active 
mas«, m the leaetion sense, m the fat-metabolism Between these two 
conditions an equilibrium must exist When there is a heavy combus- 
tion of fat lescive fat is tiansfened to the soluble state, when there is 
a diminished combustion of fat, soluble fat is transferred to the reseive 
state 

The combustion of fats within the body is not well understood Prob- 
ably m plants fats aie nevei burned, but if utilized aie always flist le- 
conveited into sugai For the animal organism, recent chemical woik 
by Di Dakin — woik of gieat importance, not only to the physiologist, 
but likewise to the pathologist — lias indicated that when fats are burned 
they are built down m regular sequences of the even series That is, 
stearin is built down to palmatm, etc , and this condition occurs down 
to the stage of butyric acid D nquestionably, the end-products of the 
fat combustion must be here, again, acetic or formic acid A decision 
as to whether the combustion of fats beyond butyric acid passes through 
the stage of beta-oxybutync acid, is not essential to the present argument, 
and the question can not be here discussed However accomplished, 
whenever a (CH)„ group is split off and carbon dioxid and water formed, 
the reaction can not be leveised under ordinary conditions, except under 
pressure of carbon dioxid In plants the entire series of reactions may be 
regarded as reversible, m animals, on the contrary, the scope of the 
reversions is comparatively narrow In the animal body, fat is formed 
from sugar Whether this reaction is reversible, and whether in the 
animal body sugar is formed from fat (as asserted by Pfluger), can not 
now be decided There can be no question that the view of Pfluger is 
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veiy atti active , it oficis a simple, naluial and logical explanation foi 
some of the most difficult situations in chemico-phvsiologj, and is sup- 
posed by the analog} in the vegetable kingdom It is, however, devoid 
of any clnect demonsti ation 

In the pui in-metabolism we deal with what cliemicallv is probabl} the 
most complicated of the functions of the bode Huclem contains, as 
iou will iceall, a pyiamidm-body pm m-bodics, pentose, and pliosphonc 
acid It is liimly established that the body needs none of these m the 
diet, except, of couise, pliosphonc acid The egg contains, piactically 
speaking, no punn, pjiamidm, 01 pentose, but the embiyo contains in 
its nuclei laige amounts Obviously, tlieiefoie, the giowung oiganism is 
able to s}nthesize all these, and to the gieat biologic importance of this 
synthesis the lecent leseaiehes of Jacques Loeb hare given emphasis 
Chemically it is ceitam that pyiamidin and punn may both be formed 
fiom aimdo-acids, so that the substiate foi then denvation is abundantly 
piesent m the piotems of the body Pentose is undoubtedly formed fiom 
glucose — a leaction that may be easily accomplished in the laboiatoiy 
These aie then combined by 1 eduction and anhydi ation, to foim nuclemic 
acids, which entei into combination with piotem When nuclein is in- 
gested it is split, m the act of digestion, into its component gioups In 
all piobability these aie lieiei utilized in the synthesis of the bod)- 
nuclem In a wrnrd, the animal oiganism is not only independent of 
ingested nuclein from animal 01 vegetable food, but is piobably unable 
to utilize punn, pyramidin, and pentose furnished to it thiough the 
alimentaiy tract Exogenous puuns and pyianudm and pentose aie 
eitliei burned 01 eliminated in toto In othei avoi ds, the digestive leac- 
tion of cleavage of nuclein is not leversible m the body The synthesis 
appaiently follows othei lines In the death of the cell the nuclein 
contained m its component paits is split, and the pentose, punn, and 
pyramidm aie eliminated 01 burned In othei woids, the w r aste pioducts 
of nuclein-metabolism aie, like the products of nuclem-digestion, of no 
furthei utilization m the body In tins metabolism, tlieiefoie, w r e have 
apparently no lllustiations of a direct reversion m the animal body 
In the laigei sense, however, w r e have one lllusti ation of such a reversion 
The lipe egg of fishes, as first shown by Meisclier, contains no nuclein 
The unripe egg, however, does contain nuclein m its protoplasm On 
hatching the embiyo, of course, contains nuclein With the ripening 
of the egg there is a disappeaiance of the nuclein, with the gei ruination 
of the egg, a reappearance of the nuclein — and all within the same 
minute organism Heie, tlieiefoie, we have an illusti ation of a leveision 
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in tlie pui m-metabolism In the matuied animal oiganism, howevei, 
11 e have none 

These geneial lemaiks lllnstiate clcaily, I believe, the tact that 
revel sions constitute some of the most impoitant and indispensable 
chemical leactions oecuinng m animals, as well as m plants A few 
points only leqmre fuither elucidation 

To what shall we attubute the ieveisions ? To feiments, undoubtedly 
To what feiments 9 Tlieie is a gioivmg unfoitunate tendency m bio- 
logic liteiature towaid a multiplication of the feiments Foi this the 
tennmologic practices of the Elnlieh school aie m pait, no doubt, re- 
sponsible As you are awaie, when Ehihcli encounters a difficulty he 
is inclined to invoke a new foice to explain it Thus early m the investi- 
gations on diphthena poison he assumed m diphtheria toxin the presence 
of but t\io oi tlnee substances, m older to explain all the appaient experi- 
mental facts As the expenmental facts have mci eased, this number 
has been amplified, until now moie than a dozen hypothetical substances 
aie assumed to be necessaiy to explain the facts If this doctime w r ere 
applied to the ferments u r e should soon have an uncountable number of 
feiments, each acting in an infinitely small capacity We know, foi 
example, that m many of these leactions theie aie many intermediary 
stages If we aie to assume a specific feiment foi each stage, w r e shall 
soon be in hopeless confusion Eoi example, between glucose and alcohol, 
w r e have ccitamly methyl glyoxal and lactic acid, and piobably one othei 
stage According to this use of the concept “ferment” w ? e might assume 
four feiments to be necessary for alcoholic feimentation Now, considei- 
mg the geneial chemical pimciples that (1) m a senes of leaction-pio- 
giessions the fust stage pioduced is not to the final, but to the least stable, 
stage, and so on until the final stage is reached, and (2) that this senes 
of mteimediary leactions m no wise affects the chemical conception of 
leaction as related to the mass of the pnmaiy leactmg bodies it is clear 
that this tendency to the multiplication of ferments must be lesisted, if 
clanty is to pievail Platinum black can form alcohol from sugai , and 
there is no leason wdiy zymase should not do it 311st as w r ell A more 
serious blunder is being made m the assumption that m the level sions 
otliei feiments aie concerned, that one ferment forms sugai from glyco- 
gen, and a different ferment forms glycogen fiom sugar 2sTow to the 
physicochemist, this is a complete nullification of the argument If a 
, ferment can not work m both directions, it can not work m one dnection 
The feiment simply accelerates the velocity of the leaction that is pio- 
giessmg toward the station of equilibrium, mespective of the direction 
m which the station of equilibrium lies The lubiication of the healings 
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of a locomotive 1 educes tlie f notion, and, theiefoie, increases the speed 
of the locomotive, liiespcctive of udiethei it is going foiwaid or backward 
The assumption that feiments can •work only m one 01 the otliei direction 
involves a complete colla]ise of the theoi> of catalytic acceleiation of 
leaction, and is absolutely untenable accoidmg to tbe modern concep- 
tions of the physical and chemical sciences 

Lastly, one extiemel} interesting theoietical consideiation lemams 
the mechanism by which the conditions of reveision aie accomplished 
Nitiogen and oxigen will not combine m an, except m infinitesimal 
quantities, because of the low tempoiatuie As the tempeiature is laised, 
the station of equilibiium is shifted m the dneetion of the oxids of nitro- 
gen When, as occuis to-day m the commeicial manufacture of these 
oxids, an aic-discliarge is passed tbiongh a cunent of air, with the pio- 
duction of these oxids, we aie dealing with a theimochemical leaction 
At the high tempeiatuie pioduced m the dischaige of the me. nitro- 
gen and oxygen combine, the station of equilibiium is shifted m their 
favoi, and the velocity of combination is mci eased Unless these oxids 
aie piomptly combined, befoie cooling occuis, dissociation will take 
place In the formation of the oxids of nitrogen m plants and bactena, 
on tbe othei hand, no such tempeiatuie factoi can be invoked Here 
some other factor intervenes to shift the station of eauilibrium What 

X 

is this factor ? We do not know 

A somewhat analogous consideiation holds m the leduction of caibon 
dioxid Chloropliyl, m the presence of sunlight, is able to reduce 
carbon dioxid to formaldehyd — a reaction that does not occui m appie- 
ciable amount at ordinary temperatuie, m the presence of either chloro- 
phyl or srmlight alone, wdien carbon dioxid and water aie m contact 
Here we are dealing with a photochemic reaction, the effect of winch is 
again to shift the station of equilibrium m the direction of the product 
of combination The same thing occurs m the silent electrical discharge, 
as illustrated m the equations of Walter Loeb — unquestionably here, 
however, not photochemic in nature In plants the formation of 
'dereo-isomeric sugars must be associated m some way with the presence 
of cireumpolarized rays m our solar light Theoretically, m the reversion 
of such reactions, the stereo-isomene influence must be a factor These 
considerations apply, of course, to the physiology of all organisms, ani- 
mal and plant Undoubtedly, the reduction of carbon dioxid and the 
formation of the sugars are photochemic reactions purely, whether they 
occur m plants or m animals The formation of the oxids of nitrogen, 
on the otliei hand, and of the building-stones of protein, is not photo- 
chemic, nor is it theimochemic A feiv years ago Engelmann published 
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a calculation designed to show that at the instant of chemical combustion 
v, it hm the cell extremely high temperatuies aie developed Even grant- 
ing the entiie aigument liowevei, I do not believe that this fact could 
be utilized to explain the association of mti ogen and o\} gen m the bodies 
of bactena 

In the leveisions that aie known m higliei 01 gam sms, w hat constitute 
the geneial conditions’ Accoidmg to the lavs of geneial chemistry, the 
conditions determining the station of equilibrium aie the tempeiature, 
the concentration of the total system, and the mass of the leactmg bodies 
These are m part operative of coui se, and can be used to explain many 
of the phenomena When sugar is burned bv violent exeition the mass 
of sugai in the bod} becomes leduced and, of eouise, the reveision- 
leaelion, gl} cogen to sugai, becomes stimulated Theie are, however, 
reveisions m which these will not hold We are not able, b}* the vana- 
tion of the know n chemical factois to determine the station of equihb- 
i nun as they aie obseived m physiologi In the purely chemical system 
the mass of the catahsoi is not a detci mining factoi , m the ferment 
si stems, liowevei , it is a detennmmg factoi The station of equilibrium 
depends on the tempeiature, the total concentiation of the system, the 
masses of the leading bodies and their products, and the mass of the 
ferment We aie able m utio to show an influence on the station of 
equilibrium due to the mass of the ferment We aie not able m vitio , 
liowevei, even with this factor to explain the remaikable leveisions that 
occur within the body, nor are we able to account foi the velocitv of 
the reversions The body accomplishes m a few houis what the most 
painstaking expenments will not accomplish m weeks There aie appar- 
ently piesent m the living bod}', but not } et attained m our experiments, 
conditions involving the station of equilibrium and the velocity of the 
reaction that determine the marked difference between the results of 
hfature and those of the labor atom That these as yet unknown factors 
are purely chemical or physical must of course, be believed While, 
therefore, we know of the iole of leveisions m the bod} r , that is that 
such and such reactions constitute reversion and occur in the body, 
what we do not fully appieciate or understand is the velocity with which 
the reactions that can be accomplished without, as well as within the 
body, occui within it 
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In a pievious papei 1 some cxpenmental aaoiIc A\as published, m aaIucIi 
it Avas slioivn that nutation of the pleuia by mechanical 01 chemical 
means Avould sometimes give use to a iefle\ fall m blood picssuie It 
A\as sIioaati also that tins depicssoi leflcx occinied moie iiequenth A\hen 
the lintant Avas applied to the inflamed pleuia than to the nonnal pleura 
These lesults suggested the possibility of dangei m the tieatment of 
empyema by nngation with antiseptic solutions In oidei to detennme 
hoAr gieat this element of dangei is, the folloAvmg nngation expenments 
ii r eie earned out on healthy dogs and on dogs Antli aititicial empyema 
To pioduee empyema a feiv ounces of contaminated cotton-seed oil 
are injected into the plemal eaAitA of a dog Aftei foitv to fifty houis 
the animal is languid and feA'ensh Examination of the thoiax sIioavs 
on the side injected nn abundant seiopuiulent exudate and as a lule, a 
nch deposit of fibrin ovei the yisceial and panetal pleuia? These condi- 
tions are thus seen to be veiy similar to those found m the early stages 
of empyema m man In the othei plemal cavity is usually seen a thin 
fibrinous exudate with little or no fiee fluid 

In the folio Ainng expenments fiom 50 to 100 c c of the fiee fluid 
exudate Avas siphoned off, then 50 c c oi less of the test fluid injected 
In this Avay any distuibance of blood pressuie fiom piessuie of fluid on 
the lung Avas excluded Furtheimoie, the migatmg fluid Avas ivithdiaivn 
at once to pi event undue absorption 

IRRIGATION AVITII HOT XVATJIR 

Of four noimal dogs m Avlnch hot AA r atei Avas used foi nngation of 
the pleuial cavity, one shoAved a nse m blood piessure of 20 mm Hg , 
the othei thiee no change Of six empyema dogs similaity tieated thiee 
exlnbited a model ate rise m piessure and three no noteAVorthy r change 
The tendency of hot Avater, theiefore, is to elevate blood piessuie to a 
Aeiy mocleiate degree 

” From the Laboratory of Experimental Tlieiapeutics Unneisity of Chicago 
S A Matthews, Dneetoi 

Read at the meeting of the Association of American Physicians at Washing- 
ton, D C , May, 190S 

1 Jour Am Med Sci , Decembei 1907 
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IRRIGATION WITH COLD WATLR 

Iii one of tliiee noimal clogs cashed out with cold watei tlieie was a 
fall in blood piessiue of 30 mm Hg , in the otliei two vei} little fluctua- 
tion occuned In two of the empiema dogs migated m the same way a 
slight fall m piessuie took place, while in tlnee no effect w r as appaient 
A use m blood piessuie after using cold watei was not obtained Hence 
the tendency of cold watei is to slight!} depiess blood piessuie 

IRRIGATION WITH rORHALIX AND GLYCERIN 

The solution employed was foimahn, 2 pei cent, m gljcenn Two 
of eleien noimal animals tieated with the aboie solution gave a consid- 
erable fall m blood piessure one a modeiate use, and eight no appie- 
ciablc change Of tlmteen empyema animals migated m like mannei, 
six showed a maiked fall m piessuie \aning fiom 10 to 100 mm Hg , 
and the otheis little oi no valuation 

A consideiable fall in blood piessuie took place m 18 pei cent of the 
noimal dogs m contiast to 40 pei cent of the empyema dogs Moie- 
ovei the aieiage fall was much gieatei m the empyema dogs than m the 
noimal dogs 

IRRIGATION WITH IODIX SOLUTION 

The fluid was LugoFs solution so diluted as to contain 1 pei cent of 
10 dm Tn one of the six noimal dogs washed out wuth this solution a 
modeiate fall m blood pressure followed, m five dogs the effect w r as nil 
In two of eleien empiema dogs thus tieated a maiked but tiansitoiy 
fall occuned. in nine dogs no change was appaient The lodm solution 
onl) exceptionally pioduced an}' depiessmg effect on the blood piessuie 
and nevei enclangeicd the animal's life 

IRRIGATION WITH HYDROGEN PERONID 

Especial caie was taken m this senes to aspnate fluid and gas imme- 
diately aftei the hydrogen peioxid was mtioduced m oidei to avoid com- 
pression of the lungs 

Iingation in two of the nine normal dogs was followed by a moderate 
fall m blood pressiue, no especial vanation being recorded m the re- 
maining seven Similar treatment m sixteen empyema dogs was fol- 
lowed m eleven by decided falls in blood piessure varying from 25 to 
150 mm Hg In seveial instances the pressure fell to ?eio In one case 
a fatal fall was pieceded by a rise of 40 mm Hg 
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REFLEXES FROM IRRIGATION IN EMPYEMA 


The depiessoi leflex was elicited m 70 per cent o£ tlie empyema 
dogs, as compared with 22 pei cent of the normal dogs Furthermore, 
the reflex was moie sex ere and dangeious m the cmpjcma gioup 

In dogs that had pievionsly been Mashed out with hot watei the pres- 
suie was less likely to fall This may he explained by the fact that in 
the piesence of pus the liydiogen peioxid induces a moie lapid lelease of 
oxygen gas and is consequently moie nutating 

RESPIRATORY CHANGES 

Associated with the depressoi iefle\es of blood pie c suie in the pieced- 
mg expei mients tlieie Mas a tendency on the pait of the respnation to 
become sIomci and moie shallou* The change m bieathmg, as a rule 
M r as simultaneous with that in the blood piessuie Minch suggests that the 
distuibanee of both functions Mas due to the same cause, and not one a 
result of the othei 

CAUSES OF FALL IX BLOOD PRESSURE 

Theie are tlnee possible explanations foi the fall in blood pressuie 
incident to these pleural irrigations, namely, absorption of substances 
that have a depressoi action, compression of the lung, and direct irri- 
tation of nerve endings 

1 Absorption of fluid by the blood Milh icsultant action on blood 
pressure can not explain the phenomena foi these leasons a The fall 
often follows the introduction of fluid m a feu r seconds — an interval that 
is too short for any appreciable absorption to take place h As the anti- 
septic solutions M r ere drawn off as soon as injected, the small amount of 
remaining fluid, even if absorbed, would not be sufficient to t cause any 
appreciable change m blood pressuie c All these solutions, m similai 
quantities, when injected into the peritoneal cavity, caused practically no 
change m blood pressure 

2 Compression of the lung and restriction of the respiratory capacity 
can also be eliminated as a cause of the fall m blood pressure, because 
not more than 50 c c of the fluid xvas introduced at one time and most 
of this was removed immediately In previous experiments xve found 
that 100 c c of a non-irritating fluid, such as oil, could be injected into 
the pleural cavity Mithout influencing materially the blood pressure As 
stated before, special precautions are necessary to allow the escape of gas 
when usmg the hydrogen peroxid for irrigation, otherwise the compres- 
sion of the lung might have a considerable influence on blood pressure 

3 Iintation of the nerve endings m the tissues lining the pleural 
cavity is the only reasonable explanation of the blood pressure disturb- 
ance In previous experiments with empyema dogs we have been able 
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m a ceiiam piopoition of cases to elicit depiessoi lcflexes by applying a 
few diops of stiong foimalm 01 mustaid oil to the inflamed pleuia 
The lapid onset of the fall m blood piessuie, the fiequency of tiansitory 
falls with complete lecoveiv, and the accompanying shallowness of 
lespnation aie chaiactenstic of such a lefiex 

ORIGIN AND SOURCE OF REFLEXES 

Heive endings m the visceial and panetal pleuia and peihaps 
sympathetic neive fibeis m the immediate vicinity cany afferent im- 
pulses to the vasomotoi and icspiiatoi} centers in the medulla Thence 
efferent impulses may be reflected to the heart, the lungs and the sys- 
temic blood ressels A pi ion we should expect such afferent impulses to 
cause eithei a piessoi (excitoi) 01 a depiessor effect on the circulation 
In oui expermients we did obtain m some instances a piessor effect from 
hot watei, but not often from the antiseptic solutions Pi om the lattei 
the disturbance was almost always of a depiessor land Whenever the 
depiessor reflex was maiked a slow and shallow respiration developed, 
indicating a combined influence on blood piessure and lespiratory centers 

The reflex was usually of the vasomotoi type and not prevented 01 
materially modified by atropm Adrenalin, administered mtiavenousty, 
and artificial respiration were the most efficient means of lestormg blood 
pressure 

Section of the ceivical vago-sjunpathetic neives m some animals pre- 
vented the reflex, and at times brought about recovery after the blood 
pressuie had fallen In other animals section of these nerves had little 
or no influence 

The inference to be drawn from these facts is that afferent impulses 
tiavel to and efferent impulses from the medulla through the vago-sym- 
pathetic nerves, when, however, these nerves are divided m the neck 
there is evidence that impulses may be conducted in both directions 
through the spinal cord 

CLINICAL BEARING OF EXPERIMENTS 

That collapse and even death have occurred m empyema duiing nri- 
gation of the pleural cavity with antiseptics is abundantly proved by the 
literature and by unpublished experience of physicians, but the cause of 
these accidents has not been understood It must be admitted, howevei, 
that such accidents are infrequent compared with their frequency m oui 
experiments This difference between experimental and clinical results 
is probably due to the diffeient degree to which the pleura is exposed to 
irritation In the lecently pioduced empyema of dogs the fibrinous exu- 
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REFLEXES FROM IRJUG1TIOX IX EMPYEMA 


date is not sufficiently thick and nnifoxm to covei and piotect the pleuia, 
wlieieas m the oldei empyemas of man the fibnnous exudate is usualh 
dense enough to piotect the pleuia fiom irritation It is reasonable to 
suppose that m those instances m which collapse occuis m man the pio- 
tective exudate may be too thin, 01 that ceitam aieas of the pleuia may 
have been exposed by lemoval of fibun 

SDMMATIY 

1 Ii ligation of the pleuial caviti vith vanous solutions may induce 
eithei a piessoi (e.xcitor) 01 dopiessoi influence on the aitenal cncula- 
tion Of the two influences the depiessoi action is the moie fiequent 
and of gieatei clinical importance 

2 Comparing the effect on the blood piessuie of healthy dogs uith 
that of empiema dogs, vlien a given solution is used for migation, we 
conclude that the tendencj to leflex distuibances is the same m land, but 
that the fiequencv of tlie leflexes and then severity is much moie marked 
m the empi ema dogs than m the healthy animals 

3 a Hot-uatei migation has a tendenej to elevate blood pressuie 
slightly 

b Cold watei tends to lovei blood piessuie to a slight degiee 

c LugoFs solution occasionally pioduces a inaiked fall m blood pies- 
suie, but the effect is tiansitory 

cl Formalin (2 pei cent ) m glyceim often sets up a depiessoi leflex, 
and this is sometimes dangeious to life 

e Hydrogen peioxid is seldom a menace to normal dogs, but is fie- 
quently so to those with empyema Death may ensue even when the gas 
is allowed to escape 

4 The compaiative lanty of depiessoi leflexes duung irugation of 
empyema m man, as compaied with those oecurnng m animal experi- 
ments, is piobablv due to the fact that m the old empyemas of man the 
pleura is usually protected by a thick iibnnous exudate This piotec- 
t.ion, howevei, can not be relied on, and, therefoie, the piactice of lin- 
gatmg the pleural cavity with antiseptic solutions is not fiee fiom danger 

5 Adienalm admmisteied mtiaveneouslj helps to restore blood pies- 
suie, but its action is not lasting Aitificial lespiration by mteimittent 
positive piessuie is the most leliable means of restoring and maintaining 
blood piessuie, and also exeits a powerful pieventive influence on the 
depiessor nerves As long as an is regulaily and intei mitten tly foiced 
into the lungs undei moderate pressure, depressoi leflexes aie not easily 
elicited by nutation of the pleural neive endings 

100 State Stieet 



A STUDY OF THE VOLUME AND SPECIFIC GRAVITY OF 

ORGANS 


SIDNEY L OLSHO, M D 

PHILADELPHIA 

The tlnee lineai dimensions m which the size of an oigan examined 
at autopsy is recoided gne to the leadei a lathei indefinite idea as to 
the actual size of the specimen Viseeia aie liiegulal The expies- 
sions “the oigan is huge," “fanly laige,” “voluminous/’ “laigei than 
its fellow/' “contiacted ’ “splenic tumoi, etc, aie maccuiate and un- 
scientific 

In ordei to deteinnne and accuiatel) legistei the size of an} viscus, 
the following plan, emplo}ed at some institutions for legistei mg the 
volume of the brain, should be adopted Each oigan as it is lemoved is 
submerged m a vessel filled with uatei to a level at which an oveiflow is 
piovided The vatei displaced ovei flows into a container giaduated m 
cubic eentimeteis, the amount so obtained lepresents the volume 01 dis- 
placement of the organ m cubic eentimeteis The oigans aie weighed m 
grams, the v eight, divided b} r the displacement, equals the specific 
giavity 

The lieait is submerged opened 01 unopened A “voluminous” emphi- 
sematous lung is pressed beneath the suiface of the uatei bv a lod thiust 
into the bronchus It has been ascei tamed that no vater enters the 
lungs — no bubbles appear because the contained air can not be displaced 
The liver, spleen, kidneys or any tumoi may be smnlaily measured The 
lecord is thereby supplied with definite facts by which it is possible to 
appreciate the size of an emphysematous lung as compared with its ate- 
lectatic mate The displacement m cubic centimeters constitutes a 
record conveying an idea not obtainable fiom linear measurements even 
where the weight also is given 

Dr L Vervaeck, of Belgium, determined the specific gravity of 
oigans and published his results m 1901 The method he used requires 
two weighings, one m and one out of water His tabulations were based 
on the geneial clinical diagnosis of the case and not on the pathologic 
condition observed in each oigan The specific gravity of the lungs was 
not determined 


'From tlie Labor atones of the Jefferson Medical College Hospital Read 
before the Pathological Soeietv of Philadelphia, March 12, 190S 
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VOLUME A ED SPECIFIC (IF 11/7 3* OF ORGANS 


In ordei to deteimme the piaetical value of the methods suggested I 
examined the organs fiom one lmndied postmoi terns made at the Phila- 
delphia Hospital 1 

irn hit 

"While the aveiage specific giawh of heaits manifesting no evident 
abnoimahti was 1029 individual appaiently noimal heait* waned fiom 
939 to 1152 It is not hkelv that healtln heait muscle lanes m specific 
giavity to the extent indicated Am maiked donation fiom the normal 
specific giants m a heait maeioscopicalh noimal, indicates that 
a histologic stud} 1 ' is neces^an In cloudv swelling — eight eases — the 
aveiage specific gravity was found distinctly loweied namely to 1004- 
Tlus eonioims to obscnation* made clui mg the stud's nameh, 
that paienchymatous change loweis the specific giaviti of the affected 
oigan In so-eallecl chronic imocaiditis including geneial atiophy 
(twenty cases) the aveiage specific gianh was 1008, lowest 833 high- 
est, 1088 Hypeiti opined and dilated heaits (tlmty-one cases) yielded 
an average specific giavity of 1037, lowest 9G9 , highest 1114 In sim- 
ple hypertrophy (thnteen cases) the aveiage specific giavity was 1032, 
lowest 975 highest 1128 Compaimg Inpeitiophy with hypeitiophy 
and dilatation combined, the pienous obsenations seemed again to hold 
tiue In dilatation, failme of nutntion and paienehymatous degeneia- 
tion, the specific gravity was, as a rule, low r ei than m simple hypeiti ophy 
The same general tendency obtains m chionic dilatation and fatty de- 
geneiation Here with even greatei parenchymatous change (twelve 
cases) the average specific giavity is still lowei, namely, 1025, lowest 
843, highest 1214 Patty mfiltiation piesents a contiastmg pictuie 
Ileie with an intact musculature the specific gravity lemamed high, the 
aveiage of five cases being 10G1 , lowest 1000 highest 1151 

KIDNEY 

The aveiage specific gravity of the normal kidney (only' eight such 
available) ivas 1098, loivest 1000, highest 1190 In acute diffuse 
nephritis (twenty kidneys) the aveiage specific giavity was loweied to 
1072 

In chionic parenchymatous nephritis (103 kidneys), eonnnonh a 
diffuse lesion, the average specific giavity was fuithei loweied, 1049 
In one case the right kidney had a specific gravity of 1400 The left 
kidney was less gianular, accordingly its specific grawty w r as onh 1200 

1 The notes of the eases studied mai be found m the Philadelphia Hospital 
leeoids 1900, \w 
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Jn clnomc mteistitial neplmtis (fifti -eight kidneys) the aveiage specific 
giavity, 1033, was higliei than m clnomc paiencliymatous neplmtis 
As lllnstiatmg the influence of moibicl piocesses m the displacement — 
size— of the organ, a compaiison of the aveiage volumes of the kidneys is 
mtei estmg and suggestive 


Aveiage volume, clnomc mtoistitial neplmtis (5S cases) 150 cc 

Aieiage -volume, appaientlv noimal kidneys (8 cases) 1G0 cc 

Aieiage -volume, clnomc paiencln matous neplmtis (103 cases) 1GG cc 
Aveiage volume, acute diffuse neplmtis (20 cases) 185 cc 


Aveiage volume, acute diffuse neplmtis and congestion (S eases) 186 cc 

While paienclmnatous change seems to lovei the specific gravity of 
the oi gam, the foimation of fibious tissue, on the othei hand, laises it 
This is peihaps best indicated bv examination of the kidneys m chionic 
mteistitial neplmtis Assuming that the kidnevs of the smallest volume 
have undeigone the most mteistitial change — aie most fibious — the fol- 
lowing compai isons ma) be made 

S kidnevs chronic mteistitial neplmtis, vol 100 e e oi less, av sp gi 1257 
42 kidneys clnomc mteistitial neplmtis vol 100 to 200 c e , av sp gi 1025 

S kidnevs clnomc mteistitial neplmtis, f vol over 200 c c , av sp gi 994 

The organ becomes moie dense because it conti acts The mci eased 
specific gravity conti lbuted bv fibious tissue foimation is not demon- 
stiable m eveiy case, be it heart, livei, or kidnejg because fibious or 
mteistitial processes are laiely dissociated from parenchymatous change 
Wlieie fibiosis is most maiked, as in the group of small kidneys m 
chronic mteistitial neplmtis, the consequent mciease of specific giavity 
is best illustiated 

LIVER 

In oigans not the seat of any maeioscopieally evident lesion (eleven 
cases) the average specific giavity was 1057, lowest 1029, highest 
1088 The specific giavity is lowest m fatty infiltration of the livei 
(twenty-one cases) , average 1028 , lowest 720 , highest 1098 In cloudy 
swelling, paiencliymatous degeneiation (twelve cases) the average specific 
giavity was 1055, lowest 1025, highest 1086 In atrophic cirrhosis 
(seven cases) the aveiage specific giavity was 1056, lowest 1029, highest 
1069 In congestion amounting to led atiophy, aveiage specific gravity 
v T asl077, lowest 973, highest 1100 


’ Probably less fibious fPiobablv least fibious 
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VOLUME A .YD SPECIFIC GRAVITY OF ORGANS 


SPLEEX 

Except m miliaiy tubciculosis the aveiage specific giavity of the 
spleen is highest m chionic splenitis (twenty-eight cases) 1139, suc- 
ceeded m oidei by the following Acute splenitis (nineteen cases) 1110 
congestion (nineteen cases) 1108 appaientl^ noimal (tlm ty-thiee cases) 
1043, acute suppuiatne splenitis (two cases) 1040 amvloid (tliiee 
cases) 1027 

LUXGS 

As legards the lungs this method offeis a moie peifect mode of 
companson of size of the two oigans than can be obtained m any otliei 
waj In suppoit of this statement the following cases raa] be cited 

Case 38 : — Patient aged 2G light lung, -weight 4G0, iol SoO sp gr 541, 
chionic caseous tubciculosis left lung, w eight 7S0, iol 770, sp gr 1013, chronic 
caseous tuberculosis and atelectasis of lower lobe 

It is cleai in this case that the light was the functionating lung, 
less weight, gieatei displacement lowei specific gravity 

Case 39 — Patient aged 35 light lung -weight 590 iol S10, sp gr 72S, 
edema and congestion, tubeieulosis of lower lobe, hence higher specific grantv 
Left lung, weight 400, iol G40 sp gi G25 edema and congestion 

Case 53 — Patient aged 57 right lung -weight 5G0, iol 580, sp gr 965, em 
pliisema, congestion, healed tubeieulosis left lung, -weight 190, iol 180 sp gi 
1055 atelectasis 

No descuption could give as adequate an idea of the conditions in 
this case as the figuies quoted 

Case 70 — Patient, aged 24 , light lung -weight 4G0 iol G70, sp gr GSG acute 
miliary tuberculosis Left lung n eight 4G0, iol G10 sp gi 754, acute miliari 
tuberculosis 

The two lungs weighed the same, the light lung was laiger, the 
left should have weighed less, the specific giavity of the left was the 
liigliei Fiom the figuies alone it is piopei to conclude that the left 
lung w as the more involved 

Case SS — Patient, aged 4G, right lung, u eight GG0, vol 1200, sp gr 500 em 
plivsema Left lung weight 940 iol 1300, sp gr 723, lobar pneumonia mioli mg 
pnit of upper lobe the lemamdei of the organ emphysematous 

Case 108 — Patient aged 50 light lung, ueiglit 540, vol 1150, sp gi 469 
the oigan apparently noimal ciepitatmg throughout, left lung, -weight 1790, 
iol 1780, sp gi 1005 lobai pneumonia nowhere ciepitant 

These few cases are sufficient to illustrate wdiat is alreadi known, 
namely that conditions like fibiosis, atelectasis and pneumonia, mciease 
the specific gravitv of the lung Compaiison of weights, volumes and 
specific gravity of the two lungs gnes an approximate idea of the amount 
of functionating tissue piesent m each 

2 Weight is given m giams and displacement, oi lolume m cubic eentimeteis 
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CONCLUSIONS 

A statistical study of the oigans of 100 consecutive autopsies seems 
to indicate 

1 Paiencliymatous degeneiation loweis the specific giavity of organs 
piopoitionately to the degiee of paiencliymatous change 

2 Filnotic change, while diminishing the volume of the oigan, also 
iai=es its specific giavity propoitionately to the amount of fibrosis 

3 Although useful m systematic studies of all organs, the specific 
giavitj lecords aie most stukmg m pulmonaiy atfections 

Jefteison Medical College Hospital 



THE OCULAR TUBERCULIN REACTION 

LEWIS F FRISSELL, M D 

AND 

PHILIP VAX JXGEN, M H 

M'W \OKK 

About a }cai ago Wolft-Eisnei 1 m Beilin and Calmette 2 m Pans, 
published almost simultaneously ai tides on the use o£ tubeicuhn in the 
eie as a diagnostic aid m the tiealment ol tubeiculosis 

Since that time the n oik has been 1 cm owed and lepeated by mairy, 
both clinicians and pathologists, villi consideiable diveigence of opinion 
as to its value Theiefoie, it seems veil to add to the liteiatuie an) con- 
sideiable numhei of cases 

The use of hypodennic inicctions of old tubeiculm (Koch) foi diag- 
nostic piu poses has been veil tested for a numbei of yeais and its 
advantages and limitations aie fanly veil undeistood Chief among 
the latter have been its inapplicability m pyiexial cases and the geneial 
malaise and discomfoit attending a positive reaction Most important 
among the foimer weie the local reactions aiound the tubeiculous focus, 
be it a joint or an apex of a lung It is obvious that a method pioduc- 
mg the same lesults, which could be used m febule cases and which 
would be free fiom attendant discomfoits, would be of enormous advan- 
tage It is with this expectation that one turns to the conjunctival 
leaction 

The method m itself is simple A solution of Koch’s old tubeiculm 
is precipitated with 95 per cent alcohol, the filtrate washed with 70 pei 
cent alcohol to free from glycenn, dned and ledissolved m steule noimal 
salt solution, m the required strength Wolff-Eisner advises the use of 
old tuberculin m 1 per cent solution In oui cases the method advised 
by Dr Baldwin 3 was employed Through the kindness of Dis Tiudeau, 
Baldwin and Levme, of the Rockefeller Institute of New Yoik, we 
Mere supplied with requisite tuberculin m the dried foim, which 
was then made up m 0 5 and 1 pei cent solutions and placed m stei - 
llized glass tubes containing sufficient for ten doses Baldwin’s throttled 

1 Wolff-Eisner Berl klin Wclinscln , 1907, xliv, 703, Beiti z Kim d 
Tubeik , 1907, in, 1 

2 Calmette Presse med , 1907, vi, 3SS, 443 

3 Baldwin Jour Am Wed Assn, 1907, >lix, 1909 



LEWIS F FRISSELL— PHILIP TAN INGEN 


177 


eje-dioppei was used m oidei to delivei a measmed diop (0 025 e e ) 
and so seeuie nnifoiimty of dosage 

Our method is the following Both eyes are first inspected foi pos- 
sible pie-existing diffeience The lowei lid of the light eye is eveited, 
best with the patient m the leclmmg position, and the drop instilled 
into the inner eanthus Caie should be obseived to close the eye foi a 
full minute after the instillation to pi event the drop from being expelled 
or winking or laclnymation, and also to insure prompt application to all 
points of the conjunctiva Clnldien who aie leadily f lightened and weep 
copiously may wash the tubeiculm fiom the eye, thus making the dosage 
an infinitesimal fraction of the amount instilled This point will be 
commented on latei A ceitam piopoition is m any case lost thiougli 
the lachrvmal duct 

A leaction is leadily appi eciated by compaimg the instilled eye with 
the normal Di Baldwin’s scheme was adopted in the mam as follows 

Negative No difleience m color -when lowei lids are pulled down and compaied 
Doubtful Such diffeience in caiuncle and conjunctiva that one is scaicely cer- 
tain it exists 

+ Distinct palpebral ledness and secietion 
-i — b Ocular and palpebial icdness and well marked secietion 
+++ Deep injection of entire conjunctna with edema of the lids, photophobia 
and secietion 


The reaction, if positive, usually begins m foui to six hours, is at 
its maximum m twenty-four houis, lemains so for perhaps another 
twenty-foui houis, and then giadually subsides until at the end of thiee 
01 foui days no trace of the reaction imams Observations weie reg- 
ulaily made at the end of six, eighteen, twenty-foui, forty-eight and 
sixty houis The subjective feeling m the case of a -J- leaction is 
practically nil, amounting at the most to a slight sandy feeling With 
the -j — f- leaction theie is a distinct foieign-bodjr feel, while with the 
seveie leaction theie is a leal discomfort In none of oui cases, however, 
was an extremely severe reaction expenenced Dr F J Parkei exam- 
ined the eyes of about forty patients and found no change except m the 
conjunctiva 

For companson we here append a few of the lesults of other 
observeis 


W oltt-Eisner 1 — Pulmonary Tuberculosis 


Per Cent 


Positn e 

First stage 14 

Second stage 15 

Third stage 5 

Baldwin 3 — Pulmonary Tuberculosis 

42 


Xegatn e Doubtful Positive 
6 70 

11 57 

13 39 

2 1 93 
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Smithies and Walker* — Pulmonary Turn rculosis 

9 2 

Smithies and Walker* — Joint Tublrcuiosis 

18 1 


Calmette — Tuberculosis 

02 

Calmette- — Susfecti d Tuberculosis 


82 


<r> 


100 


Floyd and Harris 


28 


13 


59 


In oiu expei iments 166 patients ueie tested Neatly all were patients 
at Seton Hospital m om services 


First Group 


Positne 

Doubtful 

Xegatne 

Total 

Xon-tubei eulous 



8 

8 

Adenitis, two cases 

1 


1 

2 

Genitom inary suspects 


1 

2 

3 

Pulmonary suspects 

S 

1 

13 

22 

Skm lesion, solitary tubeicle 

1 



1 





30 


Of tins gioup eight ueie tested with injections of tubeiculm, 0 001 
gm and 0 002 gin with negative result In eveiy case the conjunctival 
leaction was also negative One patient leacted to an injection of 0 002 
which showed the conjunctival reaction -j — | — \- Of the genito-unnaiy 
patients, one that leacted negatively to a 1 pei cent solution and was 
negative also to tuberculin injection of 0 002 gm vas pioved to be 
tuberculous by the injection of the mine into a guinea-pig v hieli latei 
developed tubeiculous lesions 


1 

2 

3 

4 


Second Group 


Per Cent 


Tubeiculous Cases 

Positn e 

Negative 

Doubtful 

Positive 

T’t’ls 

Incipient lesions of one apex or 

lobe 17 

5 


73 

22 

Moderately advanced 

20 

7 

5 

03 

32 

Advanced and far advanced 

27 

0 

5 

04 

41 

Orthopedic 

21 

G 

G 

G4 

33 


In these cases only a 0 5 pei cent solution was instilled into the 
eyes of foity-six patients, twelve of them being negative and not retested 
(four clinically non-tuberculous) Of the lemamdei, eighty-six weie 
tested with a 1 per cent solution alone, and the rest were tested twice 
Thiity-foui cases were twice tested with the following rathei remaikable 
lesults 


4 Smithies and Walkei Jour Am Med Assn , 1908, 1, 259 

5 Floyd and Hams Jour Med Research , 1908, xvn, 495 
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Third Group 

Negative to both 0 5 and 1 pei cent solutions 12 

Positne to the second instillation of 1 pei cent, negative to 0 5 9 

Positn e to both (a) stiongei with 0 5 1 

(b) stiongei with 1 pei cent 1 

(c) strongei to second of 1 pei cent 1 

Positive to 0 5, negative to 1 pei cent 6 

Doubtful to both 2 

Negatne to fiist, doubtful to second 2 


34 

Seveial facts at once appeal which lequne explanation That nine 
patients should leact to a stiongei solution aftei failing to do so with a 
weakei, seems to lequne no comment, but that six patients leactmg to 
an instillation of 0 5 per cent should be negative to a stiongei solution 
is a fact seemingly conti adictoiy Its explanation depends peihaps on 
seveial factors First, a consideiable tune elapsed, m seveial cases thiee 
months, before the second instillation, second, a maikedly negative 
phase may have existed at the time of the second instillation To this 
subject lie will letuin m discussing the natuie of the tubeiculm leaction 

It will thus be seen that oui lesults agree closely with those given by 
Wolff-Eisner, particulaily m the incipient and moderately advanced 
cases We have, howevei, obtained nothing like the high percentage 
obtained by the French obseiveis This is perhaps due m pait to the 
fact that so laige a pioportion of oui cases are far advanced, and that 
m testing the method the suspected cases and eaily lesions have foi the 
greatei pait been used Anothei leason that might be advanced is the 
age of oui patients, 100 of whom weie undei 14 years old and would be 
likely to be f lightened and cry. 

Of this gioup the leactions weie as follows . 


Fourth Group 


Incipient 

11 

Modem advanced 

16 

Advanced and fai 

admneed 17 

Joints 

33 

Suspects 

23 


Pei Cent 


Positive 

Negative 

Doubtful 

Positive 

10 

1 


91 

10 

6 


62 

13 

4 


70 

19 

11 

3 

57 

10 

13 


43 


It is thus seen that as fai as oui own cases aie concerned, the per- 
centage of leactions is the same oi gieatei among childien than m cases 
m a conespondmg stage of the disease m adult life 

In considering the value of the leaction the rational proceduie seems 
to us to be to fiist consider the leaction m cases which can be pioved to 
be tuberculous by methods other than the ocular tuberculin reaction We 
have, tlieiefoie, classified as incipient only those cases m vhich eitbei the 
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physical signs weie dcfrniteh inaiketl 01 ilic sputum was positive, putting 
mto the class of suspected tubeiculosis those cases which showed indef- 
inite physical signs 01 which gave suspicious histones Otheivvise Tur- 
ban's pioposed classification is mod tlnoughout "With mcipients oui fig- 
ures agiee veiy closely vnth those gnen b> Wolff-Eisnei — 73 pei cent 
as against 70 pei cent Ten patients of this class weie undei 14 yeais 
and the sputum w as obtainable m fifteen cases, of which fouiteen were 
positive and one negative Of the patients w hose sputa contained tubei- 
cle bacilli, five in all, tliiee weie positive, one doubtful and one negative 
In those cases model ately advanced m the stage which Tuiban indi- 
cates by II, oui peicentage of positive leaction emits to 63 pei cent, a 
close agieement with Wolff-Eisnei ’s 37 pei cent Again in the advanced 
and far advanced the peicentage is lov\, 64, though not neaily as low as 
Wolff-Eisnei’s, 39 A possible leason foi this may be the fact that 
Wolfl-Eisner included m Ins Class III onlv r those cases in e%ticnns In 
any event we see — and lieie vve aie m agieement with most autliois except 
Calmette, who seems to obtain leactions m 100 jier cent of known tubei- 
culoufo cases — that a certain peicentage of cases which aie unquestionablv 
tubeiculous fail to leact to the eye test, that this peicentage grows laigei 
as the disease progresses, and that m the latter stages many fail to 
leact 

A discussion of the reason for this seems necessaiv m oidei that the 

•j 

value of the leaction as a diagnostic aid in those cases m which tubeicu- 
losis is only suspected may profitably be discussed Unfoitunatelv the 
subject is an extiemely obscure one and is bound up with the cause of 
the tubeiculm leaction m general, about which theie is a vast difference 
of opinion and many theories It is obvious that either some substance 
is piesent m the bodies of tuberculous subjects, not piesent m normal 
individuals, or some substance is lacking m the formei which is piesent 
m the latter According to the first hypothesis, the substance peculiar to 
the tuberculous reacts with the injected tuberculin, causing sufficient irri- 
tation at the point of contact to set up an inflammation, or, if the second 
hypothesis be correct, the substance present only m normal bodies pre- 
vents a leaction by union with an irritant substance injected A pnon 
the first of these hypotheses would seem the more reasonable, as it is 
known that m tuberculosis various substances aie pioduced m the body 
as the result of the stimulation or irritation due to the presence of 
foreign bactena Such substances come under the classification or gen- 
eral head of immune bodies, bacteriolysms, opsonms, etc 

The foci of trouble, as is well known, are as a rule sui rounded by 
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moie 01 less well defined connective-tissue capsules with poor vascular 
supply, so that the intake and output of a healed tubercle is almost nil, 
m the case of most tubercles piobably mteimittent Undei these condi- 
tions the pioduction of specific substances^ as the lesult of the invasion 
either of the geneial cnculation or of the local tissues, may be expected 
to be not continuous but intermittent, so that at one time theie may be 
piesent in the circulation immune bodies, baetenolysms, op sonins. etc , 
while at anothei time these bodies may be entirely absent or present m 
veiy small amount 

Now let us considei v hat is done when tuberculin is bi ought into 
contact until the body cells eitliei by hypodermic injections, scanfication 
of the skm 01 conjunctival instillation Koch’s old tubeiculm, as is 
well known, is simply a filteied extract of the dead bodies of tubeicle 
bacilli which have been grown on glycenn bouillon Even aftei initia- 
tion fragments of the bodies may be demonstiated by staining methods 
(Smithies, Wolff-Eisner) Theiefore, the test means injecting into the 
body with othei substances (soluble m glycerin, insoluble m alcohol) a 
highly complex foieign proteid consisting of cell bodies of the dead 
tubercle bacilli or fiagments of them and then contained endotoxins 

Now, whether the tiue theory be Wasserman’s, 0 that the tuberculin 
leaction consists of a chemical reaction between tubeiculm and the anti- 
tub ei culm elaborated by the body m defense, the meeting of the two m 
a tubeiculous focus causing a local inflammation, or Wolff-Eisner’s, 1 that 
the reaction is caused by the action of a baetenolysm on the bodies of 
the dead tubercle bacilli injected, releasing the contained endotoxin, thus 
causing the local inflammation which we know as a tuberculin reaction, 
or whether the reaction be simply that of anaphylaxis 01 hypei suscepti- 
bility (Vaughan and Wheeler 7 Eosenau and Anderson 8 ) m a body pre- 
viously sensitized by a foreign pioteid — m this case the original tubercle 
bacillus — the essential fact is that the tuberculous individual is sensi- 
tized by the presence of highly complex bodies which may be eithei 
piesent m or absent from the general circulation, or set free intei - 
mittently 

Accoidmg to the anatomic condition of the lesion, 01 v hat is vaguely 
called the patient’s phase of resistance, one or other of these condi- 
tions obtains Applying this conception piactically to the considei ation 

G Wasserman and Biucli Deutsch med Wehnschr , 1906, vxxn, 449 

7 Vauglian and Wheelei Tr Nat Assn Study and Prevent Tubeic, 3d 
meeting, 1907, 237 

8 ltosenau and Andeison Bull No 36 Hyg Lab, U S P H and -H 
S , 1907 
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of healed tubeiculous lesions, it ma} be seen that m an old foens inactive 
foi some }eais and densely encapsulated, the body cells Mould be but 
slightly stimulated to leact, if at all, as the specific substances hate not 
peiliaps foi jeais been pioduced in. icsponse to the stimulus of invasion 
Heie might be expected eithei no leaction at all, 01, if the toxin be slowly 
absoibed and alloued to act foi a long time locally , as might oecui in a 
cutaneous -vaccination, a delated leaction The opposite extieme is pie- 
sented m fai advanced and moiibund cases Here tlieie is no efioit at 
anatomic encapsulation, the bacilli themselves, then toxins and the pio- 
tective substances aie all piesent in the geneial cneulation together 
These lattei, in the absence of definite pi oof, may be supposed to be 
piesent eitliei ( 1 ) in. small amount, due to the fact that the body can 
no longer respond to stimulation, 01 ( 2 ) m enoimous excess m response 
to the great need of the bodi In eithei ca^e one Mould expect a negative 
leaction Foi, m the fiist case the bacilli, 01, according to "Wassennan, 
the tubeicuhn piesent in the geneial circulation, Mould be sei/ed on at 
that point b) the bactenoljsms 01 antitubeiculin thus failing to reach 
the local site ot inoculation, in the second case tlieie is such an excess 
of the immune body component of the bactenolysm that, accoidmg to 
the theoiy of deflection of complement first piesented by Ueissei and 
Weclisbei g,° the amount of available complement may be seized on by 
free immune body and thus none left to attach to the bactenal cell bodies 
injected into the conjunctiva 

Betu^een these two exti ernes fall the majoiit} of cases of tuberculosis 
The most favorable, the incipient, piesent a class m Minch the lesion is 
3 r et localized and m which there is an intermittent discliaige into the 
circulation of piotective substances These foim a gioup m udneh a 
prompt reaction should be theoretically expected, and, m most cases, ob- 
tained But even lieie not eveiy incipient case piesents the clinical 
appeal ance of good resistance, and many cases aie known m Mduch fiom 
a slight apical lesion the disease progresses steadily to a fatal teimma- 
tion mu thin a feM r months Heie even at the stait the chennstiy of the 
blood and lymph sti earns may resemble that of an advanced case rather 
than that of a member of the class to which it seemingty belongs Under 
such conditions a negative leaction would be expected, even though, 
clinically, the case appeared to be only incipient This may explain the 
occurrence of a negative reaction m incipient cases In othei voids, 
vith AYolff-Eisnei Me may say “failure to react to tuberculin m known 
tuberculosis of an active 01 lialf-aetive state seems to be of grave import ” 

D Xeisser and Weclisbeig Studies on Immunity, Eihcli, 1906, 120, Munclien 
med Wchnscln , 1907 vhm, G97 
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It is obvious, moicovei, that m any tnbeiculous condition theie must 
be an ebb and flow m the lesistmg powei and piobably in the content 
of the blood with lefcience to piotective substances, and that at any 
given time conditions might be such as to cause a negative leaction This 
change m phase is well lllustiated by the fact that m oui second instilla- 
tions six patients that veie positive to a fiist instillation of 0 5 pei cent 
Aveie latei negative to 1 pei cent 

As is leadily seen, oui actual findings fit these hypotheses Our pio- 
poition of positive reactions is highest among the incipient cases, lowest 
among the fai advanced Unfortunately at the time of expenmentation 
ve did not classify the moribund and extiemely far advanced cases sep- 
arately from the ordinary fai advanced, but oui mipiession is that these 
cases were mostl} 7 negative, as was oui one case of miliary tuberculosis 

Turning now to a discussion of a piactical value of the reaction m 
cases m which tubeiculosis is suspected but can not otheiwise be proved, 
the pioblem lests on exactly the same footing We should expect a 
failure to react undei tlnee conditions fiist, if no tubeiculous lesion is 
piesent, second, if the lesion is so old and inactive that the protective 
substances are not elaborated and the hypersusceptibility to a foreign 
proteid has worn off, third (and even though clinically incapable of 
demonstiation such cases may exist) if the resistance is so low, the con- 
dition of the blood such at the time of instillation, that no local reaction 
follow This lattei condition is well lllustiated bv one of oui genito- 
unnaiy patients who lemamed negative both to conjunctival instilla- 
tion and to tuberculin injection, yet whose urine injected into a guinea- 
pig caused tuberculous lesion 

At this point it may be veil to mention the possible objections to the 
technic of the speedy remstillation of tubeiculm, m that a reaction ob- 
tained under such conditions, even though the instillation be m the other 
eye, may be due to a hypersusceptibility caused b} the fiist injection 
(Kohn 10 ) 

A suggestion occuis to us which we have not quite woikecl out, and 
that is the possible prognostic value of the negative reactions m incipient 
tuberculosis As is well known, Wolff-Eisner considers a late positive 
skm leaction with an absent conjunctival leaction evidence of a healed 
piocess — that is, a focus which so slowly gives off its piotective substances 
that only under conditions such as the skm inoculation affoids, namely a 
veiy slow absoiption of the inoculated substance, will theie be a leaction 
With negative leactions m cases of demonstiable tubeiculosis no such 

10 Beil med Wclmscln , 1907, xln, 1507 
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fa\oiablc mtcipietalion can be i cached “Lack of leaelion capabiliti 
is a venous sign v 

CONCLUSIONS 

1 In apyie.xial cases the lest ha* the ^ame lalue as the subcutaneous 
injection of tubeieulm Of oui senes thnteen patients weie inoculated 
with tubeieulm, the lesults paiallelmg m eiei\ case the conjunctival 
leaetion In pyiexia of couise. tlie conjunctnal method is applicable 
wlieie the other is not 

2 So specific a icaction as the tubeieulm icaction piohably indicates 
m all cases the piesence of tubeieulosis Some nuthoi= hare attributed 
reactions in appaientlv normal subiecis to the association with tubeicu- 
lous individuals, inhalations of tubeicle dust etc IVe have had com- 
parative^ little experience with instillations m noimal subjects but to 
us it seems that such a specific icaction should not occui wiihout specific 
cause, though this lattei mai be a slight focm am wlieie m the bod} 
The case most puzzling to us was that of an interne, appaientlv health}, 
who leacted stiongly He had, houevei, cut his fingei slightly at au- 
topsv and at this site tlieie de\ eloped a 'small, sluggish inflammatory 
area which proved latei to be tubeiculou« 

3 The method appeals to us to be paitieulaih helpful m the cases 
of children wdiose physical signs aie frequently misleading lendenng an 
accurate diagnosis extremely difficult 

4 In cases without symptoms winch leact it is peihaps safei m the 
present state of oui knowledge to accept such a leaetion simply as a 
danger sign and not a condition demanding active treatment, unless de- 
manded by the clinical histon 

5 A negative reaction by no means excludes a diagnosis of tubeicu- 
losis This last conclusion seems to us peihaps the most impoitant evi- 
dence w e have to offei 

113 East Fifty sixth Stieet — 125 East Seventy first Stieet 



PARASITES FOUND IN NEW YORK CITY 
HENRY S PATTERSON, M D 

NEW YORK 

Tins papei is wntten as an indication that m man} ways New Yoik 
is a centei ioi the obsei ration of tiopical diseases, and m an effort to 
awaken a lealization of the conditions obtaining m ceitam parts of the 
community An occasional case of lepiosy occurs m New Yoik, ben- 
ben pernicious malaiial feteis and othei maladies, the eailv symptoms 
of which aie not sufficiently seteie to pi event the infected individuals 
leaving tiopical countnes aie not mfiequent Since the enngiation of 
laige numbeis of people fiom noitheastem Eui ope, since the intimate 
lelation^ v ith the Philippines and Poito Pico subsequent to the Spanish 
Wai and especially since the gieat influx of West Indians, individuals 
who aie the hosts of a vanetv of most intei estmg intestinal and blood 
paiasites hate appealed at tanous dispensanes m New Yoik 

It is a difficult mattei to examine all patients that apply for tieat- 
ment By fai the majontv of the patients hate no symptoms lefeiable 
to intestinal paiasites and come foi othei complaints Many of them, 
when dnected to bung a stool, tieat the lequest as a joke 01 think some 
hoax is being peipetiated at then expense The only way to get speci- 
mens f loin many of them is to give an enema on the occasion of their 
first visit In the clinic of the depaitment of Applied Therapeutics, 
Vandeibilt Clinic, theie have been a good numbei of patients who showed 
eosmoplnlia who failed to letum with the lequested specimen 

SPECIES OF PARASITES EX COUNTERED 

1 Tcemci sagmata — This paiasite is so fiequentlv encounteied and 
its symptoms aie so insignificant that it deseives no special mention 

2 Tcema solium — This may be dismissed as a paiasite so lare as to 
be almost unheai d of Several yeais ago I visited some of the “tape- 
woim expei ts ’ m an eftoit to find a specimen of T solium , with negative 
results It is possible that these paiasites aie not lecogmzed. and it is 
also possible that the}' have been found and allowed to go umecoided — 
a too common occurrence m the piaetice of the busv physician 

3 Tivnia nana — The following case has aheady been leported to 

’"From the Department of Applied Theiapeutics, Vandeibilt Clinic, Columbia 
Unn ersity (College of Physicians and Sin goons) 
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Hie Practitioners* Societ) b} the head of the depailment, Di Samuel 
W Lambert 

Old Series G123 — Paiicnl — J W, Geiman Complaint, stomach liotible and 
cough Admitted Sept 20, 190G Oclobei Stool, Tccma van a, o\a and para- 
sites 

Wood 1 2 says 

The eggs of the tapevonn (T n ana) are picsumed to he spread hy the infec- 
tion of food hy the exciemeut of mice and ints, (and b} ) secondary' infections 
taking place fiom poison to person, as seems piobable fiom the leport of Ransom = 
where 38 out of 10G persons were inmates of public institutions 

Ransoms lepoit covets all cases occuiiing m man up to September, 
1904 Stiles 3 sa}s 

The geographical distribution of all positnc and piobable cases known for 
this country is Philadelphia, 1 case (Spooner) Washington, D C , 12 cases 
(Murray, Garrison, Ilcmler, Olesen) , Chaileston, S C, 1 case (Stiles), Macon, 
Ga 3 cases (Stiles) Jackson Miss , seieial cases (De Veiling), Gaheston, 
Texas, 1 case (Mooie) , Amarillo, Texas, 4 eases (Magnenat) 

4 Dibothuoccphahis latus — Indigenous to Euiope, Tuikestan, 
Japan and South Africa (Wood), the Dibothuoccphahis has been lm- 
poited into this counti \ A diagnosis of its pioglottides is east lit tlien 
gieat telative bieadth and the losette-shaped uteius opening on the 
centei of each segment The demonstiation of the ova is faith easy 
1 a exeitmg piessiue on a coteislip l)ing ovei an mum and obseiung 
the membiane at the opeiculai end oi the egg luptuie 

The dibotliiiocephalus anemia has atti acted attention ioi a numbei 
of xears Talquist 4 has tecently been able to sepaiate tiorn the decom- 
posing proglottides a lipoid substance which produces m animals maiked 
anemia and lymphocytosis It is said to be similai to the lipoid elab- 
orated m ceitam parts of the intestinal tiact, and Talquist suggests that 
an overproduction of the intestinal lipoid is the possible cause of pii- 
m ary pernicious anemia, and that the lipoid matenal of carcinoma is 
responsible for the anemia and cachexia Wood, 5 on the other hand, says 

It is certain, however, that only a few peisons carrying these worms suffer 
fiom seieie types of anemia, and it is probable that some congenital or acquired 
deficiency exists in the blood-making organs in those cases with fatal anemia 

In this department of the Vanderbilt Clinic tivo patients, mother and 
daughter, weie the hosts of this parasite These veie both impoited 

1 Wood Chemical and Microscopical Diagnosis, p 352 

2 Ransom Bull IS, Hyg Lab , U S P H and M H S Washington D C 

3 Stiles New York Med Joui , 1903 lxxaiii, S77 

4 Talquist Ztschr f klm Med , 1907, Kv, 427 532 

5 Wood Chemical and Micioscopical Diagnosis, 14S 
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cases Neithei patient was anemic, and from both perfectly preseived 
specimens of the worm were removed The evidence, then, appears to 
indicate that the Dibothnocephalus must decompose inside the body m 
order to produce anemia 

An intensely interesting point m this connection is the fact that 
Nickerson 6 has reported a case of infection with Dibothnocephalus latus 
ongmatmg m the United States The patient was born m Ely, Minne- 
sota, April 25, 1902 The father, three years after coming from Fin- 
land, passed a Dibothnocephalus latus On August 8, 1904, the patient 
passed a similar worm, the scolex being secured The child had often 
eaten of fish caught m the lakes about Ely, and of salt fish probably 
from the great lakes, but never any imported fish Nickerson states that 
he is informed by dealers that all fish imported and eaten by Scandi- 
navians are salt-water fish He has found the larvae of the Dibothno- 
cephalus m fish from the great lakes, but without feeding experiments 
he could not determine the species He could find no reports from this 
country of infection of dogs, cats or foxes, the other animals capable of 
becoming the definitive host of this parasite, and concludes that there 
has been a local infection of the lakes about Ely 

Nickerson’s case introduces questions of grave sanitary and economic 
impoit which should engage the interest of medical bodies m the dis- 
tricts involved In view of the giave and sometimes fatal anemia pro- 
duced by Dibothnocephalus latus, it seems just as legitimate to secure 
and enforce regulations directed against the spread of infection by this 
parasite as it is to legislate against the habit of indiscriminate spitting 
or to quarantine against contagious disease It is tiue that the disinfec- 
tion of stools would be difficult to enforce, but physicians could be re- 
quired to report cases and local health boards could give patients 
directions as to the disposal of feces 

5 XJncmana Americana — Among the parasites found m New York 
perhaps the most imp ortant is Uncmana Amencana, or hookworm It is 
astonishing to realize how few people appreciate that theie is a substan- 
tial 'West Indian population m the city, and that many of these West 
Indians are the subjects of hookworm infection These parasites differ 
morphologically but little from the old-world species, and may give evi- 
dence of their presence by eosinophilia and secondary anemia The ova 
or parasites may be found m the stools 

Case 1 (Old Series 6702) — Dec 24, 1906 Patient — West Indian, complaint, 
sore throat and cough Blood examination Eosmophiles, 48 5 per cent Stool 

0 Nickerson Joui Am Med Assn, 1906, xlvi, 711-713 
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Cha of TJncinana, Tuchoccphahts dispa i and Ascans lumbucoidcs Second 
blood examination Eosmophiles, 52 pci cent 

Case 2 (Old Series 7202) — March 4, 1007 Patient — West Indian Com- 
plaint, constipation Eosmoplnlos, S per cent Stool Numerous ora of TJncinana 
and a few of Trichoccphalus ihspai 

Case 3 (New Senes 13031) — Nov 20 1907 Patient — West Indian, applied 
foi treatment foi syphilis Eosinoplulcs, 5 3 per cent Stool Cha of Dneinana 
and Ti ichoccphahts dispai 

Case 4 (New Series 10912 ) — Jan 3, 1908 Patient — Peruvian Symptoms 
of liyperaciditv Eosmophiles, 14 pei cent Stool Numerous ova of TJncinana 
Case 5 (Old Series 370G) — Dee 8, 1905 Patient — Geiman Complaint, ap 
pendicitis Patient lias been m Egvpt within three jears Eosmophiles, 19 per 
cent Stool Ovum found, piohahlv of old-vvoild vvoim, identified onlv as unci 
nana 

Occasion is taken to lecoid two otliei cases the histones of winch can 
not be found One was an instance of infection with TJncinana and 
Ti ichoccphahts dispai , the host being a West Indian, the otliei was a 
Porto Eican whose stools showed also the embnos of Sti ongijloidcs intcs- 
tinahs 

The piesent oppoitunitv is also taken to lecoid tlnee cases, occiimng 
m West Indians, found at the Hudson Sheet Hospital, two of infection 
with TJncinana and Tuchoccphahts , and one with TJncinana Ti icho- 
ccphalus and Ascans lumhncoidcs 

In these cases it is intei estmg to note 

1 Hone of them gave symptoms that could be directly lefeired to the 
presence of the parasites, and although hemoglobin estimations weie not 
made, the blood smeais did not show the appearance of secondaiw anemia 

2 Only one case w r as unassociated with other parasites 

3 Some of the patients had been away from the souice of infection 
for as long as thiee yeais 

4 The eosmophilia waned fiom 5 5 to 52 per cent 

5 Absence of eosmophilia and prolonged removal fiom the souice 
of infection do not exclude the possibilit 3 r of uncinariasis 

The interest concerning uncinariasis m this country is laigely attrib- 
utable to the valuable woik of Shies, 7 the desenber of the Amencan 
variety, and efforts of the Porto Eico Anemia Commission 8 9 Then re- 
ports show that about 90 per cent of the agricultural and 50 per cent 
of the urban inhabitants of Porto Pico harbor this parasite Stiles’ 
trip to the southern states has revealed the great prevalence of the disease 
m the United States Claytoi 0 m 1902 reported a case fiom Westmore- 

7 Stiles Bull 10, Hyg Laboratory U S P H and M-H S 

8 Rep Porto Rico Anemia Commission Anemia in Porto Rico, 1904, and 
1906 ’07 

9 Clajtor Am Joui Med Sc , 1902, exxm, 28 
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land County, Yngima Dunbar 10 lias found one Texas ease Smith 11 
found m eighty-six students of the Univeisity of Texas eight cases, all 
the jiatients being natives of the state, w hose homes were distributed over 
a wide aiea Fiom the same state Moeller 12 reported one case, and W 
D Jones, 13 himself a victim of the disease, leported three Toole 14 has 
lepoited a case m a native Georgian, the Uncmana being associated with 
Amoeba dysentcnce and Tnchomonau mtestinahs This patient had been 
m Alabama a few months hefoie applvmg foi tieatment Bass 15 has 
shown that the infection is pievalent m Mississippi Nicholson 10 has 
leported ninety cases from Onslow, Jones, Lenon, Ciaven, Pender and 
Duplin Counties, Noith Caiolma Fiom the same state Eankm 17 was 
able to collect repoits of 147 cases, and Di Alice E Johnson 18 has pub- 
lished a repoit of one Claude Smith 19 has lepoited tlnee cases fiom 
Georgia, one of which may have ongmated m Florida, and states that 
he does not doubt that every county of the former state is infected Wai- 
field 20 has lecorded five Georgian cases from about Savannah, and m an 
examination of sixtj boys m the Bethesda Home for Boys, seven miles 
from Savannah, he found forty-eight to be infected 21 Homan 22 re- 
poits a case from Missoun which probably developed m Alabama, while 
Betts 23 has obseived nine or more cases m Conecuh County, Alabama 
Mason 24 has leported fifteen cases from the Birmingham district, and 
mentions Bondui ant’s contribution 25 of lepoits of fifty cases m and 
aiound Mobile County, and Skinner 20 leports five cases from Selma 
Adams 27 reports a case from Washington, D C , infected m St Mary’s 
County, Marvland Williamson, 28 m 150 consecutive stool exanima- 

10 Dunbai Texas Med News, 1905, xiv, 3 

11 Smith Am Jour Med Sc, 1903, cxxvi, 768 

12 Moeller Texas Med News, 1904, xm, 148 

13 Jones Med Recorder, Shreveport, La , 1904, i, 554 

14 Toole Alabama Med Jour, 1905-’06, win, 9-12 

15 Bass Joui Am Med Assn, 1906, xlni, 185 

16 Nicholson Chailotte Med Jour, 1904, xxv, 376 

17 Rankin Chailotte Med Joui , 1904, xxv, 380 

IS Johnson Carolina Med Jour, 1905, lm, 792 

19 Claude Smith Chailotte Med Joui , 1904, xxv, 320 

20 Warfield Med Rec , 1904, lxvi, 9 

21 Waifiekl Am Med, 1904, lxvi, 9 

21 Warfield Am Med , 1904, vn, 60 

22 Homan Joui Missoun Med Assn, 1905 n, 764 

23 Betts Mobile Med and Suig Joui , 1906, ix, 87 

24 Mason Alabama Med Jour 1904-’05, xvn, 20 

25 Bonduiant Tr Med Assn Alabama, 1903, 293-299 

26 Slcinnei Mobile Med and Surg Joui , 1903, iv, 37 

27 Adams Arch Pediat , 1906, xxm, 241 

28 Williamson Joui Am Med Assn, 1905, xlv, 1955 
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turns m tlie Canal Zone, found, among otliei paiasites, Uncinana forty- 
six times, Ti ichoccphalus foit}'-eight times, A. scat is lumbncoides twenty- 
five times, Amoeba dysenieiicv tventv-one times, and Strongyloides ten 
times 

Stiles 20 sa}s that since his descuption of the Amencan hookworm m 
1902 Loos has shown that “eailiei ob^eivers had specimens of this v T orm 
mixed m with then material of Anchylostoma duodenale, but that they 
had failed to lecogmze that they weie dealing with more than one form ” 
Wntmg m Septembei, 190G, he says that he has lecently leceived speci- 
mens fiom China and the island of Guam 

While it is not intended to make a complete ieview r of the literature 
of the subject it is hoped tins shoit allusion to the geographical distri- 
bution of uncinariasis m the United States will be an aid m diagnosis 
by helping clinicians to suspect the disease 

With our considerable West Indian population winch will piobably 
m time invade territory unprovided with drainage emptying into sea 
water, and with. w r oikmen letummg from the Canal Zone, it is a question 
whether cases will not develop m the neighborhood of the city, if they 
have not already developed In view of the giave symptoms to winch 
uncinariasis may give use, it is not altogether irrational to consider the 
advisability of regulation of these cases by sanitary boards or report of 
them to the proper authorities 

6 Sti ongyloidcs steicoiahs — Tu r o cases of this parasite have been 
found , m one of the patients, whose lnstoiy can not be found, the con- 
dition was associated with uncinariasis, and the infection piobably 
occurred m Porto Rico 

A short detail of the second case follows 

New Series 11863 — Patient — D S, native of Antigua, Nov 19, 1907 Symp- 
toms of marked loss of compensation due to mitral stenosis or adherent peri- 
cardium Blood Bed cells, 4,800,000, white cells, 14,000, hemoglobin, 85 per 
cent , eosmophiles, 21 per cent Stool Embryos of Strongyloides, and ova of 
Bilhaizia, lateral-spmed 

7 Bilharzia — The following cases illustrate Schistosomiasis, or in- 
fection with Bilharzia 

Case 1 — Old Series 5074 — Patient — G- B, admitted Aug 1, 1906 Com- 
plaint, pain m back and m penis on urinating Went to South Africa m 1899, 
and was in Boer var Was perfectly well until 1902, when he went to Hong 
Kong, where symptoms began Blood Eosmophiles, 12 per cent Urine Termi- 
nal-spmed ova of Bilharzia heematobia 

Case 2 — New Series 11863 — Patient, D S, native of Antigua (For details 
see same case ) 


29 Stiles Johns Hopkins Hosp Bull 1902, x\n, 313 
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Gunn 30 lias reported two cases of intestinal infection m Poito Ricans 
living m San Fianeisco, and as his cases were the first two reported in 
the United States the present makes the third In both of Gunn’s cases 
the ova weie lateral-spined , both were associated with Uncmana and 
Ti ichoceplialus dispai , and one with Sti ongyloides He has been able 
to find only six cases reported m the United States He can not accept 
two of these — that of Booth, reported m 1SS2, and that of Walkei, 31 
both of which were supposed to have originated m Illinois Holcomb 32 
also discredits these two alleged domestic cases, and is not convinced of 
a case reported by Lewis 33 m 1900 B F Guitis 34 m 1S95, Brooks 35 
in 1897, Pool 36 in 1903, O’Ueill 37 m 1901, and Robbins 38 m 1907, have 
each reported a case, all of which were imported and involved the bladdei 

In 1902 Manson 39 reported a case of intestinal infection m a young 
man who had lived many years m the "West Indies, his symptoms staitmg 
m Antigua, the island from which the present case came The ova pie- 
sented lateral spines When m San Francisco Manson examined the 
ova from Gunn’s patients and said that they coi responded to those of his 
West Indian case He expressed himself to Gunn at that time as believ- 
ing that the lateral-spined and termmal-spmed ova were produced by 
different species Gunn feels that Catto's 40 discovery m J apan of a new 
worm similar to Bilhm zia hcematobia , but with readily distinguished 
eggs, Tends color” to Manson’s belief In Ins book, “Tropical Diseases, 41 

Manson saw 

Strange to say, m ova found m the bowel, the spine is geneially placed 
laterally, whereas m ova coming from the walls of the bladder the spine is in- 
variably terminal In the ova m the feces of the West Indian case I have already 
alluded to, the spme was placed laterally and directed backwards, m this case 
there was no hematuria, nor were theie ova in the urine This lateral situation 
has been explained m various ways, one suggestion being that it is a consequence 
of the compression exercised by the muscular coat of the intestine on the parent 
worm while the ova are passing the shell glands, the lelations of certain of the 
reproductive organs of the worm are supposed to be alteied by this compression 
Possibly there are two species of Bilharzia, one with lateral-spined ova, depositing 
its eggs m the rectum only, the other haunting bladder or rectum indifferently 

30 Gunn Jour Am Med Assn, 1906, xlvi, 1031 

31 Walker Jour Am Med Assn , 1900, xxxiv, 390 

32 Holcomb U S Hav Med Bull , 1907, l, 55-80 

33 Lewis Hew York Med Jour , 1900, lxxi, 1057 

34 Curtis Ann Surg , 1896, xxm, 56 

35 Brooks Med Rec , 1S97, li, 492 

36 Pool Proc Hew York Path Soe , 1903, new senes in, S3 

37 OHeill Boston Med and Suig Jour, 1904, cli, 453 

3S Robbins Am Jour Urol , 1907 m, 40 

39 Manson Brit Med Jour , 1902, n, 1S94 

40 Catto Jour Trop Med, 1905, vm, 70 Katsurada Jour Trop Med , 
1905, vm, 10S 

41 Manson Tropical Diseases, 3d ed , 1903, 613 
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Holcomb' 12 recognizes two species Schistosoma Immatobmm, Ibu 
eggs of -which have a teimmal spine and occm m the mine, and Schis- 
tosoma mansom, the ova haling latcial spines and being voided m the 
teces The aiticle heic lefened to is \eiy complete and furnishes an 
excellent bibliogiaphv on schistosomiasis in geneial 

Peihaps a void as to the new-voild distnbntion of this disease would 
not be malapiopos 

Laliille 12 has icpoited tlnce cases of intestinal schistosomiasis fiom 
Maitimqne Holcomb 4 '’ states that the Poito Pico Anemia Commission 
found tventv-onc cases in combination with uncmnnaHs in a senes of 
1,822, and that he knows of 3 67 Poito Pican cases In Ins latei aiticle 4-1 
he details m full nine intestinal cases 

In Williamson's icpoit of 130 consecutive examinations m the Canal 
Zone, pieviouslv alluded to, no leteienec is made to Schistosoma 

S Filana sanguinis homims — The following icpoit gives examina- 
tions of blood and mine m a case of infection with filana 

Old Senes G7G5 — Paixcnt — D P, mine of Baibndoes Dec 27, 190G Coni 
plaint, sediment and nnlkv appeal anee of mine Blood No eosmoplnlia m a 
count of 200 leucocytes Uune Chylous with blood cltos showing esieral aetnely 
motile filana cmbij’os Decembei 31 Stools No o\a Urine As on Decem- 
bei 27 

Jan G, 1907 Blood examined at midnight Many filaria embrj os, maximum, 
six in one field, (low r power) 1 

January 7 Blood Hemoglobin, 100 pei cent (Flcisclil) , white cells, 5,100, 
led cells, 4,800,000 Difleiential count (200 cells) Poly neut , 5G per cent, 
large lymph , G 5 per cent , small lymph , 2G 5 per cent , eosinoplule, 9 5 per cent , 
basoplule, 11 5 per cent 

9 Tnchomonas mtestinahs — I have encounteied one case of infec- 
tion with this parasite at the Hudson Stieet Hospital The souice of 
the infection was one of the southern states and the blood showed an 
eosmoplnlia of 35 per cent Eepeated examinations failed to leveal evi- 
dence of associated parasites 

The cases here leported occurred m busy dispensary piactice, uoth no 
special effort directed tou r ard finding them It is piobable that many 
have been overlooked and that a systematic investigation w f ould give use 
to staitlmg revelations 

TREATMENT AND PROPHYLAXIS 

The theiapeutic measuies indicated m cases of tapeworm aie too 
xvell undeistood to waiiant consideration at piesent Clinicians aie so 
familiar at the piesent day with the relation between intestinal parasites 

42 Lahille Ann d’hjg et de mCd colon 1906, i\, 262 

43 Holcomb Mil Suig , 1907, x\, 459 467 
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and moibid conditions of the blood that the time-honoied warning, “m 
all cases of anemia always examine the stools, etc,” may be dispensed 
with In dibotlnioeephalns anemia the principal step toward recovery 
is taken when the parasite has been expelled Aspidium still seems to 
save the best results In the case of infection vith Tmma nana men- 
tioned heie, the parasites weie obtained by the use of that drug 

In the management of uncinariasis, thymol is the diug which has 
gained the best reputation by its universally good lesults The one point 
to be borne m mind m its use is that its absoiption is increased m the 
presence of alcohol and oil and its toxic action theieby magnified Kef- 
eience is made to the work of Stiles T for details of experiments on tox- 
icity of thymol Our piactice at the clinic is to give ten to thirty giams 
at night with a saline m the morning, avoiding the use of castor oil 
The drug treatment of bilharziasis is very discouraging A ceitam 
number of the afflicted, when removed fiom the danger of constant rein- 
fection, show an amelioration of the symptoms and a tendency to out- 
grow the disease Suigically the treatment of the disease has acquired a 
significance that is surprising to the physicians of the western hemis- 
phere Madden 44 m his excellent book devotes considerable attention to 
the subject, it is well woith reading 

In this connection it is interesting to note that Ciimp 45 has drawn 
attention to the not infrequent involvement of the vermiform appendix, 
and Burfield 46 has recently reported such a case 

Thorough cooking of fresh-water fish and disinfection of infected 
stools aie the necessary prophylactic measures against infection with 
Dibotlinoceplialiis latus 

In uncmanasis and bilharziasis, as the embryos invade the human 
oigamsm through the skm, the habit of going barefoot should be dis- 
couiaged m the districts m which the diseases prevail All dejecta con- 
taining ova should be destroyed 
149 East Sixty second Stieet 

44 Madden Bilharziosis New Yoik, William Wood & Co , pp 51, 57, G7, 70, 
74, 76, 77 

45 Crimp Jour Trop Med, 1905, Mil, 67 

46 Burfield Lancet, 1906, i, 368 



MULTIPLE EPENDYMAL GLIOMA, 

ONE TUMOR OF THE TOURTH A EXTRICLT THE OTHER OF THE 

FRONTAL LOBES 

PETER BASSOE, MD 
CHICAGO 

REPORT OF A CASE 

Patient — An aimy officer, 50 j’eais old, unmairicd, was under 1113 caie dunng 
the last two w eeks of Ins life For much of the preMOUS lnstor} I am indebted 
to Dr A Howard Smith, of Marietta, Ohio 

Histoiy — Both parents died of heait disease The patient had spent most of 
his life at army posts in the west He is said to have been a neat, sober, quiet, 
well-balanced man There is a probable history of syphilitic infection tw’enty- 
fne years ago About ten 3 ’ears ago he was operated on for fistula m ano He 
had considerable purulent discharge from the eais and had a mastoid operation 
many years ago Ten 3 ’ears ago he w r as retired from actne service During the 
last two and a half years lie served as a recruiting officer Inquny at the Adju- 
tant General’s office in Washington brought the following list of ailments for 
which he was treated between 1878 and 1897, presumably m chronologic order, 
though there is no statement to that effect acute ilieumatism, tertian intermit- 
tent fever, catarrh, mumps, acute muscular rheumatism of the neck, abscess of 
right buttock, complication, fistula in ano, acute diarrhea, dry catarrh of middle 
ear, right side, suppurating glands of neck, left side, subacute s 3 Tiovitis of right 
wrist, chronic suppurative inflammation of left middle ear, suppurative ganglion 
of right wrist, ganglion of right W’rist and neciosis of lowei end of ladius, isclno 
lectal abscess, fistula m ano, blind externally From Sept 1, 1900, to Oct 23, 
1907, he was treated for inflammation of the nose, piuntus am, disease of the 
ear and inflammation of the middle ear 

Last Illness — During the last eight months of his life lie giadually grew for- 
getful both as regards his duties and his peisonal affairs Naturally orderly, 
punctual and scrupulously tidy, he now w’ould forget appointments, w r ear Ins uni- 
form at unusual times and show’ other minor lapses Nothing serious occuned, 
however, until about seven weeks before his death On Feb 25, 1908, he obtained 
a few days’ leave of absence to visit anothei city He forgot his satchel and 
money, changed hotel three times, wrote incoherent letters, came back March 3, 
several days late, untidy m appearance and confused mentally, and seemed to 
have forgotten his duties entirely After this time he never spoke of his work 
On that day, March 3, he was seen by Dr Smith, wdio informs me that there w r as 
no elevation of temperature The urine w T as free from albumin and contained 
hyaline casts From March 10 on the patient would void urine in his clothes, 
occasionally also the feces There w’as no dribbling or letention of unne These 
accidents made no impression on him and were probably due to Ins mental state 
He showed no emotion, but recognized people about him His sleep was irregulai , 
lie would sleep all night on fifteen grains of trional He did not complain of 
headache or other pain Sometimes he would sit for hours and tap on his chair 
He was always good natured and tractable, never 1 esistive Thorough examma- 


. Reac i before the Chicago Neurological Society, May 29, 190S 
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tion of the eyes and accessoiy sinuses w as negative, and no fiesli disease of the 
eais "was found Three or four times the patient vomited m the morning Tlieie 
wsa no change m his mental condition m the three weeks preceding Ins admit- 
tance to the Piesbyterian Hospital on Miaich 29, when he came undei my caie 
He had been perfectly quiet and ti actable on the twelve horns’ journey to Chicago 
and only caused tiouble to his companions by soiling his compartment dui mg the 
night He walked into the hospital 

Examination — Tins was made March 29, two weeks before the patient’s death 
The patient was a well-built and well-nourished man weighing 1G7 pounds He 
was quiet and composed mentally, veiy good-natured, perfectly seiene and satis- 
fied He was disonented both as to time and place, thought that he was at 
Wheeling, West Virginia He knew his sister and brother-in-law and called them 
by name Otherwise he seemed to have no grasp on his surroundings Asked 
about Ins previous life, lie gave the year of Ins graduation fiom West Point cor- 
lectly, but could give no account of his doings during the last twenty- five years 
His answers were brief and as a lule not prompt He was veiy docile and coop- 
erated well m the examination The pupils were equal and leacted normally 
The ocular movements were normal There was a slight but distinct bilateral 
optic neuritis Vision was apparently fairly good, it could not be accurately 
measured on account of the patient’s mental condition The hearing was im- 
paired, more so m the light ear Both facial nerves were intact The knee-jeiks 
and ankle-jerks were increased, but there was no clonus There was no Babinslo 
sign The cremastei leflex was present on the right side, absent on the left side 
The abdominal reflex was uncertain The wrist-jerks and elbow-jerks were noimal 
There was no paralysis, no incoordination and no speech disturbance Sensation 
was apparently intact The heart was enlarged to the left, the pulse full, of high 
tension, the peripheral arteries scleiotic The blood pressure measured with a 
Stanton apparatus equaled 1S5 mm of mercury There were cutaneous scars m 
various parts of the body and depressed scars m the frontal bone and at the lower 
end of the right radius The urine was normal The temperature was normal, 
the pulse varied from 56 to 64, always regular On March 30 the blood count 
u r as, reds 5,280,000, whites 15,800 The temperature ranged from 98 4 to 99, the 
pulse from 64 to 88 

Clinical Cowse — The patient was placed on mercurial inunctions, as cerebial 
syphilis was considered the most plausible diagnosis 
March 31 the patient vomited while eating breakfast The blood pressure was 
170 At 9 p m lumbar puncture was performed Clear fluid under appaiently 
noimal pressure was obtained and 6 cc were remo\ed The fluid contained much 
albumin, as a ring one-fourth inch thick rvas produced on making the nitric acid 
contact test After centrifuging foi one hour a small number of small, round, 
mononuclear cells was found m the sediment There was no change in pulse or 
respiration or otherwise dunng or after the puncture 

April 1 The patient vomited m the afternoon The temperatuie reached 
99 8, the pulse ranged from 80 to 92 

April 2 The patient slept poorly and vomited after breakfast In the aftei - 
noon he gradually lapsed into coma with very deep respiration The blood pies- 
suie was 210 After withdrawal of 300 c c of blood at 3 45 p m the pressure 
was 215 At 5 p m 425 cc additional were removed and the pressure lowered 
to 195 At 10 30 p m the pressure was 180 

Apul 3 The patient rested well during the night and was fairly blight m 
the morning The blood pressure was 170 The temperature at noon was 100 4, 
at S p m 97 8 Hemoglobin was 90 per cent , leucocytes, 15,500 

April 4 The pressure was 190 In the aftei noon headache seemed to be 
pi esent 
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Apul 5 In the afternoon the patient again lapsed into coma, with tempera - 
tuie 100 1 and signs of consolidation of the loner lohc of the left lung The 
piessmc at 11 a m Mas 183, at 4 p in 200 At 10 30 p m G30 c c of blood 
nere withdiawn and the piessmc fell to 145 

April G The tempciatuie icached 104 4, hut the patient Mas blighter The 
piessute was 150 Dining the next feu dais the patient uas quite bright, the 
lung gi adually cleared up and the teinpeiatuie declined to 09 4 on the 0th The 
blood picssuie gi adually lose to 170 on the 10th On the 7th the leucocyte 
count u as 20, GOO 

Apul 11 Optic neuntis uas piesent ns befoie The patient’s general condi- 
tion was uoisc ton aid ciening 'flic tempciatuie uas 1014 blood pressure 190 
The lungs again showed signs of consolidation and the patient was lapidly failing 
Apul 12 At 0 a m the piossuie uas ISO The patient uas lestlcss during 
the night and unable to take noiuishment At 2 p in the prcssuie was 151, 
pulse 112 and strong, icspiiations 28 and irregular Clull lasting fifteen min- 
utes commenced at 2 45 The patient died at 3 30 from faihue of inspiration, 
while the pulse remained stiong and legular to the end 

AUTOrSX riXMX'GS 

Genet al Appeal ancc — The autopsy was held by me four lioms aftei the 
patient’s death The body was well nouushed Theic uas no change in the large 
serous cavities and their lining Both kings u ei e edematous and there u as hj po 
static bioncliopneumonia of both louei lobes more maiked on the left side 
Heait and Aoita The wall of the left ventricle of the lieai t was greatly thick- 
ened, otherwise the heart showed no change The cnciimfeience of the aortic 
opening was 9 cm The ascending portion of the arch of the aorta was the seat of 
an aneunsmal dilatation, fiom the upper end of which the innominate artery was 
given off The greatest circumfeience uas 11 cm and the sac was lined by thick, 
laigely calcareous scleiotic patches The tiansi’cise portion of the arch was the 
seat of large, laised, only slightly calcaieous patches, while only a few small 
ones were seen in the descending portion 

Alimentary Tract Theie was no change m the alimentaiy tiact except 
moderate atrophy of the mucosa of the stomach Theie uas passive livperemia 
of the liver, spleen and kidneys 

Cranium On examination of the skull the depression in the frontal bone 
noted clinically was found to involve the outer plate only The dui a show r ed no 
change The brain was lieai y, weighing 1,680 gm The gi i i weie bioad and fiat 
tened There was almost no subduial fluid On palpation the left fiontal lobe 
w as distinctly soft 

Examination of the Brain — After hardening m 4 pei cent foimaldeliyd, 
fiontal sections weie made Thej r levealed the presence of a large tumoi occupy- 
ing the frontal portion of the ceiebium on both sides, extending fiom one hemis- 
phere to the other across the median line, as seen in Figures 2 and 3 

Left Hemisphere Tumoi tissue uas seen in the white substance 1 cm be 
lnnd the frontal pole, and on passing backward the tumor rapidly mci eased in 
width so that on a section 3 5 cm behind the frontal pole there was a central 
tumor area measuring G cm fiom side to side and 5 cm from above downward 
In this section it did not touch the gi ay substance at any point 

Bight Hemisphere In the conespondmg section on the right side only a 
nodule 3 cm m diameter, close to the cortex above, was found A section 2 cm 
farther back and passing through the anterior part of the coipus callosum is 
pictuied m Figure 2 Here large aieas of hemorrhage and softening weie seen 
The clot m the light fiontal lobe measured 2 5 by 1 5 cm 
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Fig 2 — Fiontal section of ceiebrum thiough antenoi end of eoipus callosum 
looking foi w ard Two laige hemouliages and laige degeneiated tumoi ateas arc 


Fig *> — Fiontal section thiough antenoi commissure and tips of the tern 
poral lobes looking forwaid A large hemoirhage on the left side is seen 
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Figui e 3 lepiesents a section tlnougli the antenoi commissuie and tips of the 
tempoial lobe The antenoi poition of both lateial ventricles -was seen to be 
filled with partly neeiotie tumor tissue, and the adjacent white substance and 
the basal ganglia on the left side were mfiltiated with tumor A clot measunng 
2 5 by 18 cm was seen m the left external capsule The tumor only extended 
1 cm behind this section Here the lounded fiee end of the mtraventnculai 
giowth vas seen m the left lateial ventnele and the posterior end of the clot 
m the left external capsule was also seen on this section 

Other Changes Behind tins level no tumoi tissue was found m the cerebrum 
and no other alteiation except a moderate enlargement of the ventricles and 
numerous lacuna m the basal ganglia The veitebral, basilar and cerebral ai- 
teries were ngid, thickened, m places dilated and presented extensive seleiotic, 
but not calcareous, patches 

Examination of Fourth Ventncle Tumor — A growth was seen to project be- 
tween the bulb and under suiface of the ceiebellum The lattei was only loosely 
adlieient to the giowth and could leadily be separated Its mfenor suiface was 
laised and indented, much moie so on the light side 

Tins tumor measuied 3 4 cm m length, 2 5 cm m width and 2 5 cm from 
above dowmvaid Its outer surface was lobulated and coxered by a thin, fibious 
membiane It was firmly attached to the ependyma for a distance of 2 5 cm 
The upper end of the attached portion on the light side was above the level 
of the striae medullares, on the left side 7 mm low r ei The lowei end xvas a 
little below the calamus scriptonus Above it was adherent to the cerebellum, 
the under surface of which was indented The ependyma was dark broxvmsh- 
giay, thick and finely granular also in the part attached to the cerebellum 
When a section was made through the middle of the attached portion of the 
tumor the latter was found to be firmly attached across the entire upper suiface 
of the bulb, no flee cavity remaining betxveen them The foramen of Magendie 
xvas covered by the adherent posterior pole of the tumor The cut surface of the 
tumor xvas grayish-xvlnte and appeared to be very vascular Several large vessels 
xx ere seen to pass into it 

HISTOLOGIC EXAMINATION 

The Tumoi m the Fouith Ventricle — The most striking feature m the micio- 
scopic pictuie xx as the great number of blood vessels, most of which xvere thick - 
xx ailed and geneially surrounded by layers of radially placed tall cells separated 
from the vessels by a mass of largely radial tlnn fibers, undoubtedly glia fibeis, 
though Weigert’s glia stain x"as only partly successful In places lound, nu- 
cleated tumor cells filled xvitli blood pigment xvere seen m large numbers near 
the blood vessels In many places the xvalls of the latter xvere thick, hyaline 
and degeneiate Most of the tumor cells xvere small, round oi oblong, and pos- 
sessed little cytoplasm Large astrocytes xvere not seen No mitotic figures xvere 
seen The border betxveen the tumoi and the bulb, which xvas distinct to the 
naked ex T e m most places xvas also sharp under the microscope, except near the 
median line and for a short distance to the left of it, xvliere one passed from 
bulbai nuclei to tumor tissue xvithout any xx ell-defined intei xenmg fibrous or 
ependymal laver On this diffuse border xvas seen a small duct-like structure 
lined bv tall cylindrical cells and containing a small cluster of cells adhering to 
each other It xx as the only structure of its kind encountered m any of the sec- 
tions 

The Frontal Lobe Tumor — This xx as also clueflv made up of small, nucleated, 
mostlv round, cells with little cytoplasm The abundance of x r essels xvas exen 
more stukmg than m the fourth xentricle groxxth and here the l'essels were . 
mostlv tlnn xx ailed, wide, and m places so thickly set as to gixe an appeal ance 
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of angioma Well presetted tumor tissue was onlj seen m islands, on account 
of extensive necrosis and liemoirhage Tins tumoi differed fiom tliat m the 
fourth ventricle chiefly by its tlnnnei, moie dilated scsscls and the more exten- 
sive necrotic and hemoirhagic areas Theie was a gradual tiansition between 
the tumor and brain tissue In sections made from the right side the tumoi 
tissue was less degenerated, otherwise the structure was snnilai 

Bulb and Upper Cervical Cord — Weigei t-Pal specimens of the bulb and upper 
conical coid failed to show’ any degeneration 

Basilar Aitery — Sections of the dilated basilar arterj showed maiked and 
uneven mtimal thickening with ealcaieous deposits and lacuole formation m the 
thickened mtima A few r collections of small mononuclear lound cells were seen 
an the adventitia 

Lung — Theie w T eie bionchopneumonic aicas, with extensile hemonhage into 
the alveoli and consideiable edema 

Wall of Left Ventncle — With the exception of slight increase in inteistitial 
fibrous tissue there was no change 

Aorta — There was marked, uneien thickening of the mtima in which there 
were large hyaline, degeneiated areas with manj lacuoles and cholesteim slits 
and heaps of lime salts In the media, accumulations of small, mononuclear 
cells, surrounding tlun w’allcd, engorged vessels, weic seen 

Spleen, Liver and Kidney — There was marked sclerosis of a essels and marked 
passu e hyperemia The Malpighian bodies were well presen ed The lnei pie- 
sented passive hyperemia and moderate fatty change The kidnei was little 
changed aside fiom passu c hjpercinia A few' fibroid glomciuh weie seen 

OCCURRENCE OF MULTIPLE GLIOMA 

The unique fealuie of this case is the piesence of two laige tumoi s 
at opposite ends of the biam, each having the stiuctuie and appeoiance 
of primary ependymal glioma The fiontal tumoi appealed to have 
originated from the ependyma of the lateial ventucles and in places 
was so vasculai as to deserve the name “angio-glioma * It was the seat 
of large hemorrhages The second tumor, located m the fouith ventncle, 
also had the appearance of ependymal glioma Each tumoi had the 
characteristics of primaiy glioma, but the possibility of one being an 
implantation grow th can not be absolutely denied, though it is most im- 
probable The unusual featuies of the piesent case aie appaient in view' 
of the following quotation from Borst 1 “Multiple occunence of glioma 
has not been obseived with certainty, at least so fai as genuine tumoi - 
like pioliferation of the glia is concerned ” L Bums 2 says “In the 
central nervous system glioma is usually solitaiy, though occasionally 
near a large growth one or tw r o small nodules are seen which aie sep- 
arated fiom the large one, but piobably w r e aie heie dealing with legional 
metastases At gieat distances, even m the central neivous system, 
gliomata do not form metastases” In harmony with this statement of 
Bruns is a case very recently recoided by Hochhaus 3 of tlnee gliomas m 

1 Borst Die Lehre von den Geschwulsten, Wiesbaden, 1902, p 254 

2 Bruns Die Gescliwulste des Nervensystems, ed 2, Berlin, 1908, p 6 

3 Hochhaus Deutscli Ztsclir f Kervenh, 190S, xxxiv, 185 



Fig 4 — Photomici ogi apli of tnmoi m the fointli ventuele 



Fig o — Photomici ogiapli of tumoi in the left frontal lobe showing a \erj 
vascular area 
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one cerebral hemisphere, namely, a veiy large one, 20 cm m length m 
the right hemisphere and small ones m the right frontal and temporal 
lobes 

Gliomatous, or “gliosarcomatous,” invasion of the pia, the absence 
of which ordinal lly constitutes one of the most characteristic features 
of glioma, has been described by Grand 4 and has recently been thoroughly 
discussed b} r Spiller 5 6 Here he refers to a case previously reported by 
him 0 as sarcomatosis, which he now is convinced was one of multiple 
glioma There were tumors m the lower part of the fourth ventricle, m 
both eerebello-pontile angles embedding the exit of many cranial nerves 
from the base of the bram, and numerous tumors in the spinal pia He 
also considers as being multiple glioma a case reported by Spiller, Musser 
and Martin 7 m which there were two separate tumors, one filling the 
lower part of the fourth ventricle and extending downward on the cord 
as far as the sixth cervical segment, the other located on the lower part 
of the thoracic coi d Both have the structure of ependymoma and he eon- 
sideis the second one metastatic 

TUMORS OF THE FOURTH VENTRICLE 

The liteiature on tumors of the fourth ventricle now comprises about 
fifty cases, accoidmg to Aithur Stern 8 9 , who gives a review of the litera- 
ture down to the piesent and a report of a new case m a very recent 
article Many varieties of tumor have been found, but glioma is by far 
the most frequent form Thus, of thirteen well studied cases compiled 
by Lmck, 8 seven were gliomas Yigouroux 10 this year reports a case of 
papilloma gi owing from the chonoid plexus of the fourth ventricle, which 
is unique, as three years before the patient’s death cerebrospinal fluid 
began to escape from the nose, resulting m complete relief fiom the 
headache 

Of especial intei est is the tumor desenbed by Muthmann and Sauer- 
beck, 11 as the illustration shows it to bear striking resemblance to the 
fourth ventricle tumor m my own case It measured 4 3 by 3 2 cm , 

4 Giund Deutsch Ztscln f Nervenh , 1906, xx\i, 2S3 

5 Spiller Gliomatosis of the Pia and Metastasis of Glioma, Join Nerv and 
Ment Disease, May, 1907 

6 Spiller and Hendrickson Am Joui Med Sc , 1903, cxxvi 10 

7 Spiller, Musser and Martin Umv Penn Med Bull, March and Apnl, 1903 

8 Stern Deutsch Ztschr f Neivenli 1908, xxxiv, 195 

9 Lmck Beiti z path Anat u z allg Path (Zieglei's), 1903 xxxm, 98 

, 10 Vigourou\ Bev neuiol, 1908 x\i, 2S1 

11 Muthmann and Saueibeek Beiti z path Anat u z allg Path (Ziegler’s), 
1903, xxxiv, 445 
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filled the fouith Tentacle com pi etch and was ljmg fiee except foi a 
band 3 mm wide connecting it with the light lestifoim bod} Unlike 
mine, howevei, it took its ongm fiom the postenoi medullaiv a el inn, 
and histologicall} it lepiesentcd a much moie lnghly diffeientiated hpe 
of glia than mine In this case, as m lhat of Stem and my own, the 
biam was drv at the time of death hut theie was distinct internal 
hydrocephalus A good discussion of the symptomatology} is found m 
the aitiele by Stem, 8 who points out that the clinical pictuie is geneialh 
that of internal livdiocephalus Symptoms ma] appeal onh a few 
weeks 01 a few r days befoie death Sudden death is vcn fiequent and 
death usually, as m 0111 ea«e, is due to lespnatory failuie 

Optic neuiitis is much less fiequent than in cases of tumor m otliei 
poitions of the biam It w r as piesent m onl} ten of thirty-thiee com- 
piled by Cimbal 12 Stem summanzes the diagnostic points as follows 
“Aside fiom focal symptoms on the part of the bulb and ceiebellum, and 
geneial symptoms of mci eased mtiaciamal piessuie, we have as cliai- 
actenstic phenomena the occipital headaches, the stiff flexed neck, the 
penodieal course and sudden death” Lumbai punctuie m man} of 
these cases, as m otliei s of tumoi m the postenoi fossa, has had an un- 
favorable effect, undoubtedly because it upsets ISTatuie's caiefully estab- 
lished equilibrium of piessuie m the neighborhood of the lespuatory and 
other vital centers In oui case, as m that of Stem, the fluid obtained 
piesented an inci eased amount of albumin and lymphocytes, findings 
which led me to a piobable diagnosis of cerebial syphilis In cases of 
cysticercus of the fourth ventncle, sixty-eight of winch aie compiled m 
another article by Stern 13 lymphocytosis also has existed in the majoiity 
of the few" cases m which the fluid has been examined Hammei 14 has 
reported a case wuth the cunous coincidence of cjsticeicus m the fourth 
ventricle and gliosarcoma m the left eeiebial hemispheie 
34 Washington Street 

12 Cimbal Vircliovt’s Aich f path anat , 1001, clvu 289 

13 Stern Ztsehr f klin Med , 1907, Ki, 04 

14 Hammer Piag med Wchnseln , 1889, xn, 243 



CLINICAL NOTES AND PHYSICOCHEMICAL STUDY OP 
SALT ELIMINATION IN THE URINE OE AN INDIVIDUAL 

WITH GENERAL EDEMA OF OBSCURE ORIGIN, 
FOLLOWED BY CURE ' 

HOLMES C JACKSON, Ph D and ARTHUR W ELTING, M D 

ALBANY, N Y 

Tins case of geneial edema of obseuie origin without evidence of kid- 
ney lesion is repotted m part on account of its interest clinically and m 
part because of the unusual impoitance of the results of the physical and 
chemical examination of urine Incidentally, therapeutic observations 
difficult of interpretation but apparently of some value are also pre- 
sented 

CLINICAL REPORT (A IV ELTING ) 

Patient — G H R, aged 45 an experimental chemist by occupation, -was first 
seen in July, 1907, at which time he complained of irritation of the throat, general 
debility, and inability to concentrate his attention on his woik 

History — His family and past history were negative, except that for the last 
ten years most of his time had been spent m a much vitiated atmosphere due to 
the decomposition at high temperatures of linseed oil, gums, resms and hydro- 
carbon compounds These vapors are for the most part acid readily fonn 
metallic salts, and are as a rule irritating to the urinary tract The patient used 
alcohol and tobacco moderately and gate an indefinite and improbable history of 
chancre twenty yeais ago, uith no subsequent luetic manifestations 

Onset of Disease — He had noticed for several years past that when subjected 
to the fumes above described he would be troubled by irritation of the urinary 
tract and of the throat During the winter of 1903 he first observed an occasional 
swelling of the palmar surface of the fingers, and about the same time some 
slight enlargement of the upper part of the abdomen He also became fatigued 
on slight exertion and very languid Moderate doses of blue mass relieved these 
conditions temporarily In 1905 the feeling of lassitude became quite constant 
He would arise m the morning feeling fairly well, but on moving about would 
soon become tired He was also troubled with drowsiness during the day, some- 
times falling asleep at his desk Nervousness was an almost constant symptom, 
for which no definite cause could be assigned, and he suffered from slight lapses 
of memory and was at times much troubled with a cough On retiring at night 
he would fall asleep foi a short time and then awaken with a nenous start v Inch 
would be followed by insomnia for the rest of the night In April, 1907, he 
noticed some puffiness about the lower eyelids, which later extended to the 
temporal region About this time he found that he could not lie with his head 
low m bed without experiencing a sensation m the ears similar to that caused 


*This investigation u as puisued under a grant made bv the Committee on 
Scientific Research of the American Medical Association, and is from the Bender 
Laboiatory, Albany, N Y 
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by yyatei When the patient was seen m July there v.as y cry slight puffiness 
about the lowei eyelids and face with model ate ehionic laiuigitis but no othei 
ey idence of physical disoidei The usual mine examination at that time was 
negatne In August and September the edema inciea«ed somewhat m the face 
and extended to the neck, chest uppei p.nt of the back and the upper extremities 
He was seen again about Oet 1 1007 at winch time the edema m the aboye- 
mentioned localities was quite pronounced and theie was slight dyspnea and 
cyanosis A suspicion of mediastinal tunioi was entertained, but absolutoh no 
pin si cal eaidence of such a condition could be detected The mine examination 
was negatne (chlond elimination was not tested) The patient was adused to 
une up Ins woik foi a time and go to his home in Pennsyhania This he did 
About tins time the cough became much aggravated and moie paioxismal in 
chaiactei accompanied In leitigo and semi unconsciousness for a few seconds 
'the patient also found it impossible to lie flat m bod because of dispnea and was 
compelled to sleep propped up About Oct 15 1007 the attacks of coughing 
became much moie se\ero and bieathmg moie laboied the expectoiation was 
slight m amount and consisted of a fiotln mucus Hie edema giaduallv extended 
clow nw aid ocei the trunk then lmohcil the sciotum and finnlh but gradually 
the legs The patient s condition became desperate because of the attacks of 
coughing the dvspnea and the ctanosis and with much difficulty he was brought 
f lom Ins home in Pennsy ly ania to St Peters Hospital, wlieie he was admitted 
Oct 30, 1907 

Condition on Admission — This was alarming Dyspnea yyns ycr\ maihed and 
nioi eased on the slightest exeition Cvonosis yyas piononnced and there yyns a 
most extensne edema of the face neck chest back and upper extremities less 
maiked oyei the lowei part of the tiunk, the sciotum and lower extremities 
The patient sufTeied fiom frequent paroxysms of coughing and at these times 
he would liaye mild eoimilsiye somnes and become unconscious for a few seconds 
It yyas impossible foi the patient to lie down and he sat propped up m a clian 
The edema yyas of a firm chaiactei and seemed to linolye the muscles and deeper 
tissues latliei than the subcutaneous tissues 

Physical Exannnaiion — Theie yyas absolutely no ey idence of any accumulation 
of fluid m the seious cayities Examination of the lieai t and lungs yyas negatne 
except foi sibilant, sonorous and some small moist l lies The abdominal yiscera 
yyeie noimal The tempeiatuie yyas subnormal and the pulse about 100 The 
quantity of unne yyas much i educed yaiymg fiom 300 to 500 cc m tyyenty- 
foui houis The patient yyas extiemely neiyous and slept but little His appetite 
yyas pool The blood examination yyas negatne Satisfactoiy ladiogiaplis of the 
thorax yvere obtained, but these yyeie noimal and there yyas no ey idence yvliateyer 
of mediastinal tumoi oi aneunsm Xeiyousness yyas a constant and pionounced 
symptom as yyas insomnia The patients condition for the fii=t yyeek aftei 
admission to the hospital yyas most despeiatc, chiefly because of the attacks ot 
dyspnea and coughing during yylnch he yyould frequently lose consciousness The 
appetite yyas yeiy T pool 

Ticatmcnt — On admission to the hospital the patient yyas gnen laige quan 
titles of liquids and lodid of potash m increasing doses 

Xoyembei 10 The admimsti ation of acetate of potash and infusion of 
digitalis apparently caused some mciease m the yolume of urine 

Xoyenibei 12 A steam bath yyas gnen without any eyident increase in the 
perspu ation the patients skin haying been unusually’ dry at all times and 
pei spiration ey idently’ yery much beloyv the normal Heroin in 1/12 gram doses 
seemed to be quite effectual m relieymg the cough He yyas unable to lie down 
and spent all bis time piopped up m a chair 
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November 21 He suffered a a eiy seveie attack of dyspnea and became un- 
conscious Oxvgen, ainjl nitute and niti oglycenn iveie fieely used and resus- 
citated him The patient was gnen an ounce of magnesium sulphate evei y other 
morning and the stools weie quite watery m consequence 

Novembei 25 He was placed on as nearly a salt-free diet as could be secured, 
and from this date until Feb 1, 190S a somewhat complete quantitative examina- 
tion of the urine was pei formed daily, the lesults of which follow the clinical 
report 

Novembei 27 The diuietic mixtuie was discontinued 

Decembei S The patient was gnen potassium mtiate m 15 giain doses every 
tlnee hours As the lesult of the admnnstiation of this the -volume of the 
mine increased until on December 12 it amounted to 3,225 ec (Table 2) Coin- 
cident with this there was a maiked diminution m the edema and a decided mi- 
piovement m the geneial condition Attempts weie also made to give the patient 
subcutaneous infusions of steule watei, but these had to be abandoned because of 
the gieat pain they occasioned He was, however given 12 ounces of steule w r atei 
by lectum each day The potassium mtiate w-as discontinued on Decembei 12 and 
was lesumed on Decembei 14 with but little effect on the -volume of the mine, but 
the clilorid output was maikedly mci eased 

Decembei 13 The patient was given an aitifieial Nauheim bath and this 
was repeated on two successive days with apparently a marked softening and 
lessening of the edema and a decided improvement m the cough and dyspnea 

December 27 Another senes of artificial Nauheim baths was gnen on 
alternate days with a lessening of the edema About this time the patient was 
able to assume a somewhat leelinmg posture at night and giadually as his con- 
dition improved his position m sleeping appioaelied moie and more the lionzontal 
About Jan 1, 190S, the patient began to take a few steps, but was easily ex- 
hausted and was very weak 

January 4 He experienced a veiy seveie attack of coughing and dyspnea and 
the edema increased slightly 

January 20 A small fixed quantity of salt, 5 glams pel diem, was added 
to the food but the patient objected strongly, stating that it nauseated him 
Giadually however, lie became accustomed to it and the dislike for salt disap- 
peared 

Cluneal Course — The eouise of the edema was vanable, as a lule, when the 
mine increased the edema decreased The edema fust disappeaied from the 
chest, then the face and back, the legs and foiearms being the last to yield Giad- 
ually the patient was encouiaged to take moie exeicise and to get out of doors 
foi a short time each day This seemed to exeit a aery beneficial effect on the 
edema and the dyspnea and coughing seemed to v ary with the edema 

Latei Course — The patient left the hospital on Feb 1, 1908 At this time 
theie was still some edema m the foieanus and legs and some djspnea which 
increased on exertion His geneial condition was fanly good His stiength was 
greatly improved and he was voiding about a normal amount of urine He was 
then able to sleep m the lionzontal position and was decidedly less nervous The 
week following discharge fiom the hospital was spent at his home The urine 
■varied from GOO to 900 com twentj-four houis, and the patient’s appetite was 
somewhat improved At the end of one week he started foi Bermuda The sea 
air increased the cough and expectoiation somewhat, but the breathing was less 
labored Shortly aftei aiming m Bermuda he was taken with a chill, followed 
by a fevei which lasted foi a da's oi two He had gieat thirst and drank large 
quantities of watei At this time he had massage each day for three or four dajs 
and the mine rapidly increased to 3 000 cc m twenty-four hours He was on a 
light diet with large quantities ot fruit especially oranges From Bermuda he 
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went to Nassau, where the tempeiatuic was higher and where he was able to take 
more exercise and felt much better The urine ranged from 1,500 to 1,800 c c 
daily Early m Mai cli the patient returned to Pennsyh ania, much improied m 
every way, the edema less marked, Ins stiength greatly improved and with but 
little dyspnea on exertion When the patient was seen June 10, 1908, there w T as 
but slight edema, traces being found in the neck, foreaims, cahes and about the 
ankles, tins, as previously, seemed to be muscular rather than subcutaneous The 
edema appeared to be moio oi less tmnsitory Sleeping in the sitting posture 
increased the edema of the legs, while sleeping m the recumbent posture increased 
it in the face, neck and arms Exoicise rapidly lessened the edema The general 
health w T as good and the appetite was normal Since the middle of February the 
patient has taken no medicine, except one ounce of Rochelle salts ciery other day 
and an occasional eight-gram blue mass pill The cough has entirely ceased, 
except on severe exeition and when it does occur it is without the prenous spas- 
modic character The patient has lesumed part of his duties 

EXAMINATION OP TILE URINE (ll C JACKSON) 

As stated in the clinical notes, a preliminary examination of a twenty-four- 
hour specimen of the urine on Nov 21, 1907, showed a small lolume of 340 cc 
with a normal specific giavity of 1025 Qualitative tests indicated that no patko 
logic substances weie piesent The first indication of an abnormality was shown 
on testing for chlotids by the addition of sihei nitiate to the mine made acid 
with nitric acid The slightest precipitate, amounting to only an opalescence, 
resulted, indicating a piactical absence of chlonds At this time the patient was 
living on the ordinary hospital diet Ordeis weie immediately given for the 
preparation of a special diet which was as nearly free from salts, espe- 
cially sodium clilorid, as could be obtained Fluids w T ere given m as large quanti- 
ties as possible The regular examination and analysis of twenty four-houT sam- 
ples of urine began on Nov 24, 1907, and continued until Feb 1, 1908, in all ten 
weeks The analysis consisted m the determination of the volume, specific gravity, 
total nitrogen according to Ityeldahks method, clilonds by Volliard’s indirect 
method, phosphates by titration with uranium nitrate and the depression of the 
freezing point A by means of the ordinary Beckmann apparatus At various times 
during the period of observation the ammonia and unc acid w T ere estimated and 
were found to be normal m amount and m percentage of total nitrogen At no 
time could albumin or casts be detected The vdiole time of observation has been 
divided into four periods of from ten to thirteen days each The first represents 
the time during the change from the normal to salt-free diet and includes nine 
days on the latter diet The second follows the first, after a lapse of three days, 
and consists of the days just before, during and after the administration of potas- 
sium nitrate during a salt fiee diet The third, with three days’ interval, repre- 
sents the effect of artificial Nauheim baths on the patient, who was still on the 
same diet The fourth and last period begins after a lapse of eleven days, during 
which time the condition of the patient was steadily improving on the salt-free 
diet and continues during the period when an approximately normal diet was 
lesumed The patient, during the period of forced restraint from salt, developed 
a decided dislike to the condiment and it was only with considerable difficulty, by 
persuasion and by placing the salt m the food during preparation, that he was 
induced to take a definite amount (5 grams) each day during the final period of 
normal diet The tables for the four periods follow, with the discussion of the 
important points hi ought out in each 

PERIOD i 

Previous to Nov 24, 1907, the daily volume of the urine averaged from 150 to 
°>00 cc and the administration of digitalis and potassium acetate and digitalin 
had little effect as regards the r olume of output It will be seen in the clinical 
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icpoit tliat the admimsti ation of watei on the salt-fiee diet benefited this condi- 
tion somew hat, as the % olume 1 osc at tunes to almost the normal \\ ith the specific 
giaMty only a little below the aierage The absolute chlond elimination averaged 
almost 2 giams on the noimal diet This amount fell gradually during the salt 
pi n ation, although at times it leached nearh to the noimal diet figures for this 
indiMdu.il It is nvtciestmg fo note that the ohlond peicentagc output did not 
laiy with the absolute output of clilonn 01 -with the elimination of water, but 
with some few exceptional dais remained between 0 1G and 0 32 per cent (see 
also the fust two dais in Table 2) This fact seemed to indicate that during the 
period of lydiemic plcthoia following the ingestion of laigei quantities of water 
the blood was able quiekli to resume its then normal osmotic concentration bi 
dialling fiom the "alt of the tissues, and that the filtiate passing through the 
glomeiulus was constant m composition and was lioimalli concentrated m the 
convoluted tubules On the othei hand the depiession of the freezing point runs 
paiallel with the specific giant} and niieisoli as the lolumc and in no lelation 
to the chlond output absolute oi peicentagc Endentli then, the nitrogenous 
constituents (men unc aeul kieatiinn iti ) neu being elunimlcd in non 1 2 t 
mannei and i auctions m their output and peicentagc lelntions weie causing the 
oidinaiy changes in specific granty and depiession of the freezing point Neg- 
lecting the abnoimally low clilorid elimination, and lienee low specific giaMty m 
i elation to the volume of urine excieled the othei physical factois reacted pei- 
fectly normally Thus no oMdenee could be obtained in any way, at any stage of 
the investigation, that the icnal function was nfleeted m the slightest degiee 
The phosphoric acid elimination was somewhat below the average, but, when con- 
sideied m connection with the diet and amount of nitiogcn excreted, it was con 

A 

sideiably abo\ e the noimal We believe that the high factor was without 

NaCl 

value as an indication of any distmbed circulatoiv, cardiac or renal lesion 
(Ixor&nyi 1 ), since this factoi paralleled almost exactly the concentration of the 
unne as indicated by the specific gravitj and depiession of the freezing point 

rcnioD ix 

On Dec 9, 1907, the admimsti ation of potassium nitrate m doses of 15 grains 
every three hours w'as begun and continued foi tin ec days follow ed aftei one day’s 
intermission by a second period of tlnee days with siimlni tieatment During all 
this time the salt pm ation was continued The mtiate was selected since, ac 
coidmg to Sollmann sodium mtiate stands as one of the few diuretics winch 
occasions an increased peicentage output of sodium chlond coincident to the 
diuresis The explanation ofleied by Sollmann is that the nitrate replaces the 
sodium clilorid m the tissues, thus throwing the lattei substance out of combina- 
tion and allowing of its excretion In view' of the lelatively small amounts of 
potassium nitrate admimsteied and the tremendous elimination of sodium chlond 
which it caused, such an explanation seems liaidly piobable or even possible As 


1 a Koriinyi, A Pliysiologisehe und klmisclie Unteisucliungen ubei den 
osmotischen Diuck tluerischen Flussigkeiten, Ztsclii f khn Med, 1897, xxxm, l, 
1898 xxxn, l 

2 This substance was employed following the woik of Sollmann (The Effect 
of Diuretics Nephritic Poisons and Other Agencies on the Chlonds of the Urine, 
Am Jour Physiol , 1903, ix, 423), who showed the diuretic effect of sodium nitrate 
and its pow'er to inci ease both the absolute and pei centage elimination of clilorids 
The potassium salt w r as chosen m the hope that the w ell know n effect of these 
salts m replacing sodium compounds nr the bodv (Bunge) might aid m producing 
a far or able lesult 
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Table 2 


Date 

Yol 

cc 

Sp Gr 

1 0- 

Chlonds 

| 

Grams 

A 

A 

Na Cl 


Grams 

PerCent 

12/ 8 

850 

14 

2 04 

0 24 

1 51 



Salt free diet 

12/ 9 

785 

16 

1 41 

0 18 

1 48 

0 800 

4 4 

Salt free diet 

12/10 | 

1140 

14 

2 74 

0 24 

1 28 

0 740 

3 08 

Pot nitrate 

12/11 

2110 

12 

8 86 

0 42 

2 00 

0 650 

1 50 

Pot nitrate 

12/12 

3225 

12 

17 40 

0 54 

2 13 

0 660 

1 22 

Pot nitrate 

12/13 

1300 

26 

6 50 

0 50 

2 08 

0 775 

1 55 

Salt free diet 

12/14 

580 

30 

2 72 

0 47 

2 24 



Pot nitrate 

12/15 

700 

28 

4 06 

0 58 

3 42 

0 875 

1 50 

Pot nitrate 

12/16 

790 

30 

6 95 

0 88 

2 27 

1 765 

2 00 

Pot nitrate 

12/17 

610 

24 

3 42 

0 56 

1 98 

1 845 

3 33 

Salt-free diet 

12/18 

525 

28 

2 10 

0 40 


1 335 

5 45 

Salt-free diet 

12/19 

615 

20 

I 1 48 

1 

0 24 


1 470 

6 12 

Salt-free diet 
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tlie table indicates, the potassium nitrate during the first period of ingestion 
caused a diuresis during which the volume increased to 3,225 c c on the last day, 
the specific gravity was not markedly lowered owing to the fact that the percent- 
age output of sodium chlorid was doubled, on the last day the absolute excretion 
of clilorids reached 17 4 grams The A remained unchanged, the increased con- 
centiation of the clilorids being counterbalanced by the decreased percentage 
elimination of the other soluble constituents of the urine, as is normally the case 
during diuresis This again suppoils the Mew that the increased percentage out- 
put of clilorids is due to an increased ionic concentration of the blood in terms of 

A 

this ion The factor was reduced to the normal figures during this and the 

NaCl 

subsequent potassium nitrate period The phosphoric acid output was somewhat 
mci eased in absolute amount, but the percentage figures were lowered during the 
diuresis The second period of potassium nitrate ingestion differed slightly from 
the former in that the diuresis was not very evident, the increased chlorid output 
was quite pronounced, although not so marked as m the first period This condi- 
tion caused the A to increase and percentage of chlorid elimination to rise 
on one day to almost normal figuies During the six days of drug administration 
and the two single daj s follow mg each period, 52 Go grams of sodium chlorid were 
excreted, and this during a salt-free diet 

If we consider the weight of the patient at 75 kilos and deduct therefrom the 
proportional fi action of this due to bone by a simple calculation one can deter- 
mine that the piesence of these 52 G grams of sodium chlorid in the body before 
its elimination would have been sufficient to nicieasc the osmotic concentration of 
the fluids of the whole body equivalent to that of about a 1 per cent sodium 
chlorid solution This will serve to indicate the extreme state of hypertonicity 
which must have existed m the fluids of the body before the administration of the 
potassium nitrate and to which it is believed the edema was due 

This period of somewhat incomplete analytical results covers the time of grad- 
ual recovery with continued salt pi nation Dining part of tins time, beginning 
on Dec 27, 1907, the patient was given a series of artificial Nauheim baths on 
alternate days, with the intention of stimulating the penpheral circulation All 
pievious attempts to cause sweating by hot baths, etc, had been fruitless While 
the results are hard to explain, they are too evident to admit of doubt as to cause 
and effect No change m the volume of urine was noticed, but the increased 
elimination of clilorids brought the percentage output almost up to normal on 
December 30 and to 1 7 per cent on December 2S During the period between 
January I and 12 the effect of abstinence from sodium chlorid became evident in 
the extreme lo.vness of the absolute output, amounting on the aveiage to only 0 43 
gram This can be seen on examination of the first three days, Table 4 

PERIOD IV 

This table details the results of the commencement and continuance of a some- 
what normal diet m which sodium chlorid was not excluded, but dui mg part of 
which sodium chlorid was administered in 5 gram amounts per diem The first 
ten days in the table are continuous, then follows a lapse of four days, and a 
subsequent period of three days is added in order to show the effect of the normal 
diet two weeks after its commencement Finally, there follows the results of a 
partial examination of the mine of the same individual on May 19, 1908, or three 
and one half months subsequent to the time when the patient left the hospital 
(Feb 1, 1908) 

The figures for this period indicate that, while the volume of the urine had not 
assumed normal figures, the specific gravity was much higher with the same vol- 
ume than was the case before the treatment began (Table 1) As striking evi- 
dence in favor of the view that the edema was set up by chlorid retention, there 
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Table 3 


Date 

Yol 

Sp Gr 

Chlorids 

P 2 0, 


cc 

10 

Grams 

PerCent 

Grams 


12/23 

347 

25 

0 5 

0 14 

1 37 

! 

Salt free diet 

12/24 

645 

20 

1 2 

0 19 

2 16 

Salt-free diet 

12/25 

705 

19 

2 1 

0 30 

1 37 

Salt free diet 

12/26 

615 

20 

3 0 

0 48 

1 30 

Salt-free diet 

12/27 

400 

27 

1 2 

0 30 

1 25 

Salt free diet 

12/28 

525 

21 

8 82 

1 70 

1 00 

Salt-free diet + Nauheim bath 

12/29 

475 

26 

1 5 

0 31 

1 59 

Salt free diet 

1 /30 

480 

23 

4 2 

0 88 

2 19 

Salt-free diet + Nauheim bath 

12/31 

390 

26 

1 4 

0 35 

1 40 

Salt-free diet 


610 

26 

3 7 

0 60 

1 16 

Salt-free diet + Nauheim bath 
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must be pointed out the tenacity with winch the bodi has retained the ehlorids 
m spite of depi nation of these salts, thus nftci about seven weeks of salt-free 
diet, the body, c\en at that time, was not in a state of chlond hunger, since the 
addition of > gianis of salt to the diet caused the elimination, after three dajs, of 
oi ei this amount and within the week following the body was almost in exact 
sodium chlond equilibrium 

Tlmt the absolute and peiccntage output of sodium chlond haic not leached 
the noiinal figuies is to be attnbuted to the fact mentioned aboie that the pa- 
tient, on being allowed to lesume a noimal diet complained that salt nauseated 
him and lefused to eat foods which tasted at all salt} The A and the factor 
A 

rapidlv assumed noimal figuies aftei the establishment of the noimal diet 

NaCl 

and have lemamed so eiei since The phosphone acid elimination is now well 
witlnn noimal limits 

On the whole, the examination of the mine the da% before the patient left the 
hospital and tlnee and one half months aftei shows it to be practically normal 
when the chaiacter of the diet is taken into consideiation 

DISCUSSION 

It seems evident that the appeal ance of the edema noticed in this 
ease was accompanied bt a diminished elimination of ehlorids, whether 
this w T as the lesult of the edema oi its cause is difficult to piove espe- 
cial^ on account of the fact that it was impossible to obtain any of the 
patient’s blood fox examination and companson with the unnaij find- 
ings In paiticulai cases of edema associated with ceitain ienal lesions 
the cause is oidinanly attnbuted to a deficient eliminating powei of the 
kidney for chlonds At no time befoie oi dining the progiess of the 
disease did any evidence of renal deficiency exist Appaientlv, until an 
mci eased concentiation of the blood foi chlonds, theie followed an aug- 
mented output of these ions It seems reasonable theiefoie that the dis- 
cussion of the renal function m tins connection may be excluded 

It is impossible at this time to entei into a complete exposition of 
the vanous tlieones which have been advanced to explain salt letention 
m lelation to hydiops The subject and its liteiatuie have been w r ell cov- 
eied by Georgopulos 3 and by Christian 4 5 * The principal contention rests 
on the question whether the salt retention is the came or the result of 
the appeal ance of the hydiops Stiauss,"' Widal R Halpern 7 and Cas- 

3 Georgopulos Expenmen telle Beitiage zur Fi age Nieienwasseruclit, Ztsclir 
f klin Med , 190G, lx, 411 

4 Chustian, H A Experimental Nephritis, Boston Med and Surg Jour, 
1908, chm, 410, 452 

5 Strauss Theiap d Gegenw art, 1902, n 444, 1903, v, 193 

G Widal La cui e de dechlorination, Bull mCd des hop , Pans 1903, xx, 773, 
990 

7 Halpern Beitr ige zur Fiage des Veilialtens dei Clilorid im Korper, ibre 
Beinebeng nil Oedembildung und line Bedentung fui die Di itetik bei Neplmti- 
Beitr 7 wissenscli Med u Cliem (Festscln f Salkowski), Berlin, 1904 
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Table 4 


Date 

B 

Sp Gr 

1 10— 

| Chlonds 

PkO, 

Grams 

A ! 

1 

A 


Grams 

Per 

Cent 

NaCl 

1/12 

665 

18 

1 10 

0 16 

1 

1 135 

7 08 

Salt free diet 

1/13 

605 

20 

0 38 

0 06 

1 47 



Salt-free diet 

1/14 

710 

10 

0 48 

0 09 

1 64 

0 975 

10 80 

Salt-free diet 

1/15 

935 

16 

1 30 

0 14 

2 72 

0 990 

7 07 

Normal diet 

1/16 

805 

19 

2 86 

0 35 

2 03 

1 080 

3 08 

Normal diet 

1/17 

755 

20 

4 23 

0 56 

1 86 

1 480 

2 65 

Normal diet 

1/18 

715 

15 

5 58 

0 78 

1 47 

1 450 

1 86 

Normal diet + 5 grams NaCl 

1/19 

675 

19 

7 310 

1 09 


1 200 

1 10 

Normal diet + 5 grams NaCl 

1/20 

975 

22 

7 60 

0 78 

2 42 

1 400 

1 80 

Normal diet + 5 grams NaCl 

1/21 

695 

23 

3 75 

0 54 

1 79 

1 250 

2 34 

Normal diet + 5 grams NaCl 

1/26 

665 

26 

4 67 

i 

0 70 

1 65 

1 345 

1 92 

Normal diet + 5 grams NaCl 

1/28 

660 

26 

5 54 

0 84 

1 67 



Normal diet + 5 grams NaCl 

1/30 

890 

21 

5 01 

0 56 

2 22 



Normal diet + 5 grams NaCl 

5/19 

1170 

25 

7 76 

0 66 

2 45 



Normal diet 
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taigne, s among otheis, believe that the salt ictention m tlie tissues is 
pnmary to the letention of watei, the lattei obsenei bases his views on 
experiments m which saline was injected into normal animals and those 
with experimental nephutis The mine m both cases shoved no diffei- 
ence But if sound and diseased animals were bled and saline injected 
very soon afteiwaids, the blood of the nephutics contained less salt The 
fact that m ceitam fcbnle conditions theie exists a letention of chlonds 
without evident lenal disturbance is also cited as evidence of the primary 
natuie of the letention In these cases edema does not necessanly re- 
sult, and this seems sufficient reason to belieic that the factoi of pei- 
meability of the epithelial lining of the eapillanes foims a not unim- 
portant adjunct to the whole process Muller 0 advances this view and 
considers that the li) diops is due to an increased peimeability of the 
blood vessels due to ceitam toxic products m the blood This concep- 
tion leceives support from Cohnheim and Lichtheim , 8 9 10 who showed that 
subcutaneous edema only followed saline injection when the skin had 
been nritated m any way, and the lesults of Magnus with chloroform 
irritation pointed m the same direction 

In view of the extremely obscuie etiology of the case undei discus- 
sion it w r ould seem to us that a combination of Muller’s explanation and 
that of increased combining power of tissues foi chlonds must form the 
basis for any reasonable explanation of the condition Nothing m the 
history of the case points to any anatomic lesion which might account 
for the hydrops The appearance m the blood of toxic products inhaled 
thiough the lungs as the result of continued sojourn m the vitiated air 
of a chemical laboratory might leadily set up changes m the epithelial 
lining of the capillaries lendenng them more permeable and at tlie same 
time bring about changes m the protoplasm of the cell by which the 
combining power of the proteins would be increased This m turn would 
cause an mci eased osmotic concentration m the cells and as an attempt 
to 1 educe this, water would be drawn fiom tire blood This view would 
explain, on the one hand, the failure of digitalis and similar agents to 
cause a diuresis, the divness of the skm and inability to produce sweating 
m hot baths, and, on the other hand, the beneficial effects of artificial 
Nauheim baths m stimulating the cutaneous circulation and capillary 

8 Castaigne Le lole du lems dans la retention clilorurge, Semame m(;d , 1903, 
win, 309, 1905, wv, 472 

9 Muller Moibus Brightu, Verhandl d deutsch path Gesellsch , 1905, ix, 64 

10 Cohnheim, J , and Lichtheim, L Ueber Hydramie und hydr mnsches Oedem, 

Virchow’s Arch f path Anat, 1877, Kix, 106 
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epithelium, and the effect of potassium mtiate m starting the leplace- 
ment of the combined clilonds by means of the nitrate, aftei which the 
reduction m ionic concentiation, followed by means of mass action 
Bunge 1 might be more pi one to explain this last piocess as a replace- 
ment of the sodium ion by potassium 

Finally, it must be mentioned that Georgopulos and others present 
stiong arguments against the view that the watei letention is secondaiy 
to the salt letention The) believe that the kidney becomes moie mi- 
peimeable to watei, a hydiemie plethoia results and the tissues become 
oveiladen wuth w r atei as a lesult Georgopulos states with tiuth that an 
increase m the salt content of the tissues during the so-called salt re- 
tention has nevei been pioved b) expenment This, however, may have 
been due to faulty methods At present it is impossible to decide these 
disputed pomts Nevertheless, we feel inclined to believe, from all the 
evidence which we have been able to obtain fiom the lesults denved 
fiom the stud)'' and treatment of the case, that the above explanation is 
possible and most piobable and that we aie dealing with a case of chlond 
letention bi ought about by the action of some geneial toxemia which 
occasioned an increased penneability of the capillanes to ehlonds and 
an augmented combining powei of the piotoplasm foi these ions 

11 Bunge Lehibuch dei pliysiologisclien Chemie, Leipsic, 1900 



AX UXUSUAL PAROXYSMAL SYNDROME, PROBABLY 
ALLIED TO RECURRENT VOMITING, 

Wim A STUDY or Till, XITROOEN ir 1, PATIO LI SM 

THEODORE C JANEWAY, MD, AND II 0 MOSENTIIAL, 1ID 

M W 'iOKIv 

The ease lieie lccouled, lliouprh still an im«ohed diagnostic pioblem, 
seems from two standpoints oi sufficient mteie=t to ■justify publication 
fiist, as piesentmg a clinical sindiome unique in oui expcnence second, 
as affoidmg an unusual oppoitunity foi the study of ceitam featuics of 
the nitiogen metabolism m fevei of shoit duiation 

II I STORY OF CfSE 

The patient, a Jewish schoolgul of 10, without ‘■jieeial neinotic inheritance 
was leferied to me by Dr Halpert, of Seianton, Pa She had had measles and 
diphtheria, but no othei illnesses All liei life she had sufleied from rccuirnig 
attacks of a peculiar natuie, the description of which In liei family, tallied 
exactly' with those we subsequently obsened The motliei «aid that she had 
noted the first attack when the patient was two weeks old In earlier life the 
frequency w r as about once a month, the longest intenal of ficedom ten weeks 
For a year attacks had come weekly , foi tlnce months, c\cr\ Fridai, with abso- 
lute periodicity We had her under obsenafion No\ (> to Dec 2 1007, and 
April 7 to May 5, 190S, with a caieful iceoid of the intei icning penod In the 
six months there w'ere fouiteen attacks, fne =oieic, and nine mild 

TIIE ATTACK EXHIBITS TIIKEE STAGES 

1 Piodromal period, eliaiacleri/cd by uneasiness, loss of appetite and epi- 
gastric or abdominal discomfoit, lasting foui to twehe liouis This stage is 
occasionally piotracted and may piss off without an attack 

2 Giesccndo penod, m which theic is rapid mcicase in all symptoms, pi os 
tration, pam, fevei, tachycardia, and polynuclear leucocytosis Tlie pam is chiefly 
abdominal and is colicki but may also be lcfeired to one oi the othei shouldei 
or hip, even to the feet Occasionally thcie is headache Time is abdominal 
rigidity and tenderness the lattei -\aiying m locali7ation but situated usunllv 
to one side of the umbilicus The maximum temperature noted yvas 104°, pulse 
140, leucocytes 28 800 There is complete anoiexia and maiked salivation, m 
seveie attacks constant nausea and letclung, with -vomiting once oi twice at the 
height of the attack Vomitus consists of the pievious meal watli mucus and free 
liydrochlonc acid, and in mildei attacks vomiting does not occin The duration of 
this stage is eight to sixteen horns 

3 Penod of lecoicrp with rapid subsidence oi all symptoms, pam fust, then 
fever rapid pulse and leucocytosis last Witlnn twehe liouis the tempeiatme 
reaches normal, the patient feels well and has a yoiacious appetite The loss 
of weight m a seceie attack is four to five pounds, regained witlnn a few days 

'Read at the meeting of the Association of Aniencun Physicians, Washing 
ton, D C , May 12, 190S 
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Polynucleai leucopema immediately follows the attacks, counts as low as 30 
per cent of polynueleai cells m a total count of 9, GOO, and of 36 pei cent m 
6,900, having been reeoided 

The seveie attacks are characterized by the seeming intensity of the abdominal 
pain, great piostration and lestlessness, constant stiammg and l etching, and a 
very rapid pulse The fever, while usually highest m the severe attacks, has 
borne no constant i elation to the othei symptoms Abdominal rigidity and ten- 
derness aie sometimes as extieme as m geneial pentonitis, but the location of 
the maximum tenderness is vanable At no time has much tenderness been noted 
at McBurney’s point Di Brewei, who saw- hei m one attack, with lefeienee to 
exploiatoiy laparotomy, could find no definite localizing phenomena 

One sti llung featuie of the attacks has been the invaiiable complaint of gieat 
pain m some othei portion of the body, usually one oi the othei sliouldei or hip 

Salination is a legular accompaniment of the attacks, and the sain a is quite 
stiongly acid The tongue is heavily coated and the bieatli heavy, but nevei 
the so called acetone breath The vomitus was examined m thiee paioxysms In 
one it was merely bile stained fluid with mucus, and contained no fiee liydio- 
clilonc acid In the othei two it was the lemains of pievious meals and showed 
a consideiable free hydiochlouc acid content, 20 and 22 lespectnely, m a total 
acidity of 60 and 84 

The mine was somewhat leduced m quantity during the attacks, but nevei 
deposited mates oi othei crystals Aftei the two seveiest attacks it showed a 
mere trace of albumin, without casts Tlieie has nevei been sugai Maiked 
inch eanuna oeeuired at times dunng the second period of observation, especially 
accompanying the attacks The behavioi of the acetone bodies w T as instructive 
Dui mg the autumn, while the patient was on a quantitative diet, which was 
foiced as much as possible dining the attacks, no Geihardt leaetion evei ap 
peaied in the urine There was an occasional Legal leaetion, unassociated with 
the paioxysms In the second penod the patient was not lequned to lesume 
food aftei the attack until she wished it, and usually took piactically nothing 
foi two days Dunng these attacks diaoetic acid developed in considerable 
amount, disappearing a few days latei The acidosis she exhibited, therefoie, 
was mainlv due to carboliydiate staivation, though appaiently not wholly 
explained by this factor, as wull be seen from its incidence on the charts One 
of us has obseived a seveie case of recunent -vomiting peisistmg into adult life, 
m which the acidosis was distinctly an inanition phenomenon, secondaiy to the 
attacks We believe that too little attention has been paid to the factoi of 
caibohydiate starvation m the reports of lecuirent vomiting, which have made 
acetonemia so important a featuie of the underlying metabolic disoidei 

Physical examination dunng the intei vals showed only a persistently coated 
tongue, ratliei copious saliva, moderate secondary anemia, and slight hypeiehloi- 
livdria The gnl weighed fiom 100 to 105 pounds Heart, lungs, liver, spleen 
and kidneys showed no abnormality The abdomen was soft and painless The 
stomach, on inflation, extended from two inches below the ensifoim to one inch 
move the umbilicus, its capacity was 1,000 cc The fasting contents in the morn- 
ing vveie 40 cc of bile-tinged fluid, with a total acidity of 55 fiee livdrocliloi ic 
acid, 15=0 05 per cent After an Ewald test breakfast 140 cc weie obtained 
with onlv model ate admixed mucus Total acidity was S2, free hvdiocliloric acid, 
5S = 0 21 pei cent Tlieie was no lactic acid Starch eonveision was very slight 
The bowels moved regularlv and the stools vveie noimal Blood examination, 
November G showed hemoglobin 75 pei cent , led cells 5 3G8 000 white cells, 
S S00 polynuclear neutiopliiles 50 pei cent polvnucleai eosinoplules 2 per 
cent small lvmpliocvtes 42 pei cent large lymphocytes, 5 5 pei cent mast 
cells, 0 5 pei cent The patients pupils were model atelj dilated and reacted 
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promptly to light The knee-jeiks weie icadih obtained with Jendrnssik rein- 
forcement 

3S"o ticcitmcnt 1ms had a definite influence either on the attacks, or m dimmish 
mg then frequency Piewous to our study, the patient lmd been treated by a 
well knowm. ncuiologist, apparently as a psj choneurotic She had, at another 
time, tried daily Image of the stomach foi many weeks We weie unable to 
abort the attacks by lay age of the stomach, by free purgation, or by alkalies in 
laigc doses For a time the continued use of the lattter, yyith iron and tomes, 
seemed to benefit her, but the attacks again lecurred While on a diet of milk, 
eggs, rice, bread and buttei, of 2,330 caloncs, they yyeie moie frequent The 
strong suggestion that yyc yyeie cui mg her had no therapeutic efficacy 

DIAGNOSTIC POSSIBILITIES 

At the end of six months’ obseivation we aie unable to bung foiward 
any dnect evidence as to the causation or the leal natuie of the attacks, 
which continue to interfere seriously with the normal life and comfoit 
of this patient, though she enjoys leasonable health between them We 
have been unable to find a similar syndiome described m the liteiatuie 
though a careful seaich is almost out of the question since one must be 
m doubt under what index classification it might be hidden Theie 
lemams, then, only the unsatisfactoiy method of reasoning from 
analogy, in assigning such a case to e\en a geneial category The diag- 
nostic possibilities seem to us to gioup themselves undei thiee heads 

1 A learning infectious synch ome, due to a peisislent inflammatory 
focus, wuth occasional absoiption phenomena The intermittent fever 
of biliary obstruction is the best analogue of this type Reclining ap- 
pendicitis, and the exaceibations of fever so often seen in connection 
with old tuberculous sinuses, are common examples 

2 A learning toxemic syndiomc , allied with such definite, but still 
unexplained, conditions as gout, l eeurient vomiting, or perhaps migiame 

3 A recui i mg net vous c? isis The gastric crises of tabes have many 
features m common yvith our patient’s attacks Epilepsy is the standing 
witness to our inability to penetrate beneath the surface of a paroxysmal 
affection of every day occurrence and prehistonc ongm Possibly 
migiame should be placed in this category Recurrent vomiting we are 
unwilling to consider a neuiosis, though Eischl 1 inclines to the view 
that it is of hysterical nature Eew Americans, we take it will agree 
with him We must admit, however, that no sharp dividing line can be 
diawn between conceptions based on so little of known fact as aie the 
so-called neuroses and toxemias, neither is it possible yet to disci lmmate 

1 Fischl, R Pfaundler and Schlossmann's Handbuch der Kmderheilkunde, 
Leipzig, 1906, li, 164 
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between the infectious or the metabolic origin of the poison at work m 
such a recurring affection as Henoch's purpura 

Our personal leaning is toward considering the syndrome a toxemic 
one, of endogenous origin The strongest argument m favor of its 
being due to an undiscovered focus of infection is the leucocytosis , but 
we know that aseptic wound fever, and even acute uremia, the latter 
certainly a toxemia, may produce a marked leucocyte increase We wish 
to call special attention to the failure of practically all observers to report 
blood counts m cases of recurrent vomiting We have been able to find 
but a single count, 10,000, m the case of a child of nine years 2 A 
knowledge of the behavior of the white blood cells in this affection would 
be of service m deciding whether the syndrome we have described, which 
piesents many points of similarity with certain cases of recurrent vomit- 
ing, may fairly be considered an allied affection 

It seems most unlikely that any inflammatory focus could continue 
for so many years to produce exactly similar attacks, without leading to 
more serious consequences, or giving other evidences of its existence 
It is perhaps conceivable that a pancreatic calculus, nearly blocking a 
small branch of the duet of Wirsung, might give rise to such intermittent 
symptoms, but it seems highly improbable 

As for the ubiquitous diagnosis for all unexplained crises, hystena, 
we think that scarcely warrants serious consideration Hysterical pam 
is common, hysterical fever may exist, hysterical leucocytosis seems out 
of the question 

THE NITROGEN ilETAEOLISH, WITH ESPECIAL REFERENCE TO URIC ACID 

AND KREATININ 

A study of the urinary nitrogen, during the two periods of observa- 
tion, was made by Dr Mosenthal, m the Laboratory of Biological Chem- 
istry, Columbia University, at the College of Physicians and Surgeons 
and we desire to express our appreciation of the help thus afforded us by 
Piofessor Gies 

During both periods the total nitrogen was determined by Iyj eld aid's 
method urea and ammonia by Folm’s. and uric acid by the Folin- 
Hopkms method During the second period kreatmm was also estimated 
by Folm s method with the Du Bose colonmeter, acetone being first 
removed by precipitation with an alkalmized 10 dm solution, the urines 
which did not give an acetone reaction being treated m an exactly smnlai 

2 Capito Centralbl f inn }Ied 1007 \v\ni 1019 
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manner All analyses weie made m duplicate, and lepeated wheie any 
suspicion of inaccuracy seemed justified 

During the first period the diet was the ordmaiy mixed diet of the 
patient until hTovembei 13, after which she took a punn-free diet of V/o 
quarts milk, 5 eggs, 6 ounces bread, 2 ounces butter, and *4 pound cooked 
nee, yielding 2,350 calories As this became very distasteful, during the 
second period a largei variety of punn-free and kieatmm-free foods 
was allowed m addition, such as hominy, oatmeal, macaroni cheese, 
apples, oranges, and desserts made from milk, eggs and sugai , and the 
quantities recorded This diet was begun two days before the first 
observation and, except for the test beef days noted, was continued until 
the end of the period Dunng attacks only a few ounces of milk weie 
taken, and the vomiting m some made any attempt at a true nitrogen 
balance impossible, so that the nitrogen of the feces was not estimated 
The lesults are given m tabular form, and the 1 elation of the 111 ic 
acid and kreatmm output to the attacks is also shown strikingly on 
the charts 

The total nitrogen thiougliout tended to be low, especially during 
the first period before the patient was put on a quantitative diet Asso- 
ciated with this were low figures for urea and rather high for ammonia, 
corresponding with holm’s 3 findings m normal persons on diets poor m 
nitrogen During the second period the nitrogen averaged higher, the 
urea nitrogen seldom below 85 per cent , but the ammonia nitrogen 
still a trifle high, usually above 6 per cent We are unwilling to attach 
any significance, howevei, to these small differences 

A sharp nitrogen loss accompanied the attacks, as would be expected, 
the laigest deficit noted, 9 5 gm , having been on April 8 After this 
there was a steady nitrogen letention until April 27, then two days near 
equilibiium, then a maiked loss again for four days The greatest gam 
was on the two beef days, about 6 gm each day 

The mam intei est centers in the uric acid and kreatmm figuies 
Both, as will be seen at a glance, rose sharply with the attacks The 
unc acid, m addition, thiougliout the whole study, showed wide varia- 
tions for endogenous excietion, m fact as wide as Kaufmann and 
Mohi, 4 and von FToorden, 5 describe m the subjects of true gout A 
moderate fall m the uric acid output also seemed to precede the attacks 
For this reason a test of the patienffs tolerance foi exogenous purms 

3 Polm, 0 Am Jour Physiol , 1905 xm, 66 

4 Kaufmann and Mohr Deutsch Arch f klm Med, 1902, 3\n , 5S6 

5 von Noorden Handbuch der Pathologic des StofTw eclisels, ed 2, 1907, 
11 , 153 
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224 P U'OX ) »S 1/ \ L b) XDltO MB A A 1) A 1T110GB\ MET IBOLISM 

'' ns made Apnl 20 and 21, In the addition of sciapcd beef to tier diet, 
5S0 gm being eaten dunng the two da} = 0 The e\cietion of both the 
mic acid and the kieatm as kieatimn, was piompt and complete The 
beef fed lepiesentcd 105 gm puiin mtiogen Accoidmg to Burnan 
and Selim, 7 50 pei cent of this should appeal m the mine Taking the 
ateiage of the thiee pievious da\«, the e\tia unc-acid mtiogen elim- 
inated was 0 82 gm , calculating fiom the thiee subsequent days, 0 56 
gm , thciefoie m citliei case abo5e the noimal figure Tolerance for 
laigei amounts of pui in was not tested This patient, therefoie, whose 
unc-acid metabolism closely appioached what ion lYoorden 8 considers 
ehaiactenstic of the gouti, unc-acid ictention, altemating with m- 
cieased excietion, which is maiked dunng the acute attacks, ncveithe- 
less showed a toleiance foi considerable amounts of exogenous purms, 
an example of the complexity which the punn metabolism exhibits 

AYe regiet that it was impossible to follow ihe punn bases, since 
Mandel 0 has lepoited a a 017 mteiestmg paiallelism between them and 
the tempeiatuie in aseptic wound fe\ei In Ins cases the uric acid 
exhibited an mveise lelation, declining shaiply dunng the fe\er, tlie 
opposite of its beliavioi in oui case Increase of unc acid following 
artificial fevei lias been obseived by Lmsci and Schmid 10 

The kreatimn elimination, between the paioxjsms, showed the same 
constancy and independence of the total nitrogen elimination which, 
since the work of Tolm, 11 and oi Yan Hoogenhuyze and Yeiploegh 12 
we have learned is ehaiactenstic of it The daily quantity excieted was 
a little below the liguie grven by Folm 11 foi model ately corpulent per- 
sons, 20 mg pei kilo, but conesponded with Closson’s 13 low r er hguie 
of 17 mg 

The only vanations from this noimal level weie pioduced by the 
attacks, and by the ingestion of meat, Apnl 20 and 21 It is of interest 
to note that the mciease m kieatimn output dunng the tw r o attacks and 
after 580 gm of beef was neaily identical As the loss of weight dunng 
an attack was about 2 kilos, and of mtiogen 9 01 10 gm , it seems probable 
that this mciease m urinary kreatimn was due to destiuction of muscle 

0 von Noorden and Schliep Beil lclin Wclinschr, 1905, 1297 
7 Burnan and Scliur Ztscli f physiol Chem , 1897, vxxn, 55 
S \on Nooiden Handbucli der Pathologic des Stoffweclisels, ed 2, n, 161 
9 Mandel, Arthur It Am Joui Physiol, 1904, vu, 452 

10 Lmser and Schmid Deutscli Arch f klm Med , 1904, lx\ix, p 514 

11 Folm, O Am Jour Physiol, 1905, xm, S4, Hammersten’s Festschrift, 
1906, Aiticle 3, Upsala L.ikaref Forli, 1906, xi, Supplement 

12 Van Hoogenhuyze and Verploegli Ztschr f physiol Chem , 1905, xlvi, 415 

13 Closson, O E Am Jour Phjsiol, 1906, xvi, 254 
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tissue duiing the attack The lathei close correspondence of the 1111c- 
aeid rise, seems to us a fuither aigument foi this view That kreatmm 
elimination increases dining fever, has, of course, been long known 14 
This seems to be the only clearly demonstrated exception to the rule that 
the endogenous kreatmm excretion is a constant for each individual 

The results of our study of the metabolism m this patient, while of 
interest fiom a theoretical standpoint, have shed no light on the actual 
causation of hei attacks The only careful study of the metabolism dui- 
mg recurrent vomiting is that of Howland and Richards 15 Their find- 
ings for uric acid correspond exactly with ours, namely, a marked rise 
following the attack, with subsequent fall to normal They were unable 
to make any observations m the period preceding an attack They in- 
terpret their figures, however, as evidence of diminished oxidation of 
line acid, and adduce figures foi the sulphur metabolism m support of 
this On this they build a theory of diminished activity of the oxidizing 
ferments as the primary cause of the sydrome of recurrent vomiting, 
acting through an increase m the toxicity of such substances as mdol 
For this they offei experimental pi oof that the toxicity of mdol increases 
greatly when admimsteied to dogs poisoned with potassium cyanid, 
which diminishes oxidation 

The combination, m our case, of increased uric acid and kreatmm 
elimination, and nitrogen and weight loss, points rather moie strongly 
to increased oxidation It is unfortunate, m both cases, that accurate 
determinations of the punn bases were not made, since an mcieased con- 
version of these into uric acid would equally explain mcieased excietion 
of the latter 

It seems to us most desnable that cases of recurrent vomiting and 
other probable metabolic disordeis, as well as the shorter feveis, should 
be subjected to careful chemical investigation on standard diets of dif- 
ferent types, with reference to the special endogenous metabolism Most 
of such vork in the past has considered only the nitrogen and energy 
balances 

36 West Fortieth Stieet 


14 von Hoorden Handbuch der Pathologic des Stoffv echeF, i, 599 

15 Howland and Ricliaids Arch Pediat , 1907, \\n, 401 



INFECTION OF MAN BY DIPTEROUS LABY.E 

AMTII It I POIir OI lOUIt OASIS " 

X C GILBERT, MI) 
cmc\oo 

The piesence of yanous fiy-lanai as p.n allies 01 a= pseudo-pai asiles 
of man has alti acted little attention, although it has been noted since 
ven eaih times and is of constant although lclatneh mfiequent oc- 
cuiicnce 

Ilomei mentions a maggot, a fleet mg man Plutaieh tells of Math- 
ilda tes being condemned In Aita\ei\es Longimanus to be deyouied by 
fly -lan ai lie was left bound, with his face smeaied with honey, and fed 
daily "When he died on the secentcenth day it was found that the 
flv-lanai had =o consumed his flesh that his entiails weie exposed and 
coveied with the lan a? ITeiod Agiippa also was “eaten of woims and 
died v Latei we find Galen piesciibmg a lemecB foi ulceis inhabited 
by r “woims" 

Duiing the sixteenth and seienteenth centimes especialh do we 
hnd a gieat many lecoids of fly ~lan re as well as moie lemaikable ciea- 
tures that wreie found m the feces xomitus and mine of patient 2 Mam 
of these wreie doubtless moie 01 less ianciful and, as is occasionally the 
case to-day. the icports of liystencal patient 2 

Authentic cases aie numeious howeyei, not only of infection by 
flydaivre, but by otliei insect laivre as well Hope"’ lecoids a cause of a 
boy that y omited laige numbeis of the English cabbage butteifh and 
Hope Chichestei , 4 Pickels , 17 Sandbcig 21 and Blanehaid 2 lepoit cases of 
infection with beetle laivre Othei cases aie given by Ivnby and Spence* 
and Hope gives a table of lepoitecl cases Such cases aie, howevei, lare 
and accidental, but m the ca=e of ceitam few r dipteious lance we aie 
concerned wuth species whose noimal mode of life is paiasitic or w'lth 
species that leadily adapt themsehes to paiasitic existence 

Infection by flydaivre was designated by Hope as muasis and has 
been divided by other authors (Joseph) into nruasis externa 01 deimatosa 
and myiasis mteina or mtestmalis 

I shall take the infections by these larva? up in then natuial order 
The nomenclature m each case is that of the oiigmaLi epoitei 

'From the Pathological Dcpaitment of Xoillncestein Urmeisitc 3Ieclic.ii 
School 
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FAMILY SYRPIIIDiL 

Tins is one of the laigest gioups of flies and eompuses those moie 
commonly found about plants and floweis But few cases aie leeoided 
of infection by laivce of this family and these all by laivie of the genus 
Enstahs , which aie found m decaying vegetables and fruits and m de- 
caying 01 game matter of all kinds 01 m watei satui ated with oigamc 
i emams 

The following species aie lepoited to have been passed fiom the 
bowels, but no definite liistoiv of the mannei of infection oi of the 
duiation of then parasitic existence is given 

Enstahs dtmimatus 
Eusiahs tenax 
Enstahs ai bust mum 
Enstahs pendulus 

FAMILIES SUBSIDE AND DROSOPHILIDiE 

The laivaa of these two families aie found m the leaies and stems of 
plants oi decaying vegetables and animal mattei Some of the laiva? 
aie aquatic 

The laivie of Pioplnla casei aie w r ell known as the “slappeis' of 
cheese and bacon The eggs of this fly have been sw allowed with cheese 
or bacon and have lived and developed m the human stomach and 
intestines until neaxly leady to pass into the pupal stage (Meschede 12 
and Moniez 1 "’) Infections by these lame weie obseived during the 
eighteenth centuiy by von Bolandei and Lmne 

1 

The laivm of Diosoplnla mclonogasti a occui m feimentmg fiuits, 

pieseives, vegetables, soui cieam, etc, and aie mentioned by Joseph 0 as 

occasionallv found m the stomach and intestines 
%/ 

The ^liiptoms in both of these cases aie those of acute gastnc nuta- 
tion and aie discussed undei the simptoms of miiasis mtestmahs pio- 
duced by Anihomndce 

FAMILY AXTII0MIID2E 

This comprises a familv of flies “similar m appeal ance to the com- 
mon house-fly, the mam \em postenoi to the middle of the wing turned 
upward E}es of the males laige and contiguous, bristles of antennas 
eitliei featlieiy oi baie 5 (Shaipe 22 ) These flies are small oi of mod- 
el ate size and usuallv non-metallic m coloi Thev aie common about 
vegetable gardens and orcliaids and about heaps of decaimg regetable 
mattei compost and the like One fix of the group is so common a fie- 
quenter of pi n v raults a= to hare gamed m Euiope the name of the 
* piivj-fl}’ and to have led to the opposition that the intestinal infection 
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"as fiom eggs deposited on the amis (Finla^on 2 *) These flies are fre- 
qiientl) found about the house aho and ha\e been icferred to as the 
“lessci house-fly '* 

The lance aie chaiaetciistic m appeal mice, of an elongated conical 
shape, pointed nntenoily and moie lounded poderioil}, «houmg their 
segments plamlj, and homing on each ‘segment a pan of blanched 
lateial bianehia? uhicli aie ier} pionnnent and leplace the spuacles 
lound in oilier gioups of diptcious lan te, enabling the animals to oust 
indefinite!} m liquid and semi-liquid media 

Tlie lan a? of the specie's uhieh cause intestinal myiasis are found m 
icgeiables, such as tui nip® lettuce, beets, ladishes etc, m orchard 
fruits, and often occasion consuleiable loss to the gaidnei Others live 
only m decajmg vegetables and fiuits and expeiiments on decayed fruit 
(Walsh 47 ) lia\e pioduced se\eral mneties of fly laivre fiom eggs pre- 
viously deposited on the upe fiuit Ofhei flies of the gioup aie parasitic 
on other insects as the locust, and anothei foim was found in a tumoi 
on the wing of a uoodpeckci Kuchcnmeistci 7 and Wernicke state that 
anthoinnd laiva? oecui m the intestines of dogs and Hiff 34 lepoits an 
instance of the lame being fpund m the feces of a boa-constnctoi 
The following species liaie been found pcunsibic in man 

JJ yd) ofira mctcoucxs 
Jlomolomxjta cinucuUn is 
Uomolomyia scalar is 
Antliomyxa cunxciilarxs 
1 nihomyia ftneata 
Antliomyxa bi assicw 
Antliomyxa saltatrxx 
Antliomyxa radxcn 
Antliomyxa ccparxxim 
Antliomyxa flxivxahs 
Antliomyxa xncisxnaia 

The larva? of this family can live as tiue paiasites of man foi the full 
term of then laival existence, there seems to be little doubt As will be 
brought out later, they do not, as a lule, have the digestive juices 01 the 
penstalsis of a normal intestinal tiact to contend with Their lateral 
branchiae allow them to live m a fluid media and to draw their =upply of 
oxygen from a considerable area, their inactive existence renders their 
need of oxygen very small Hofman 33 points to the power of the larvie 
to live m acid media (vinegar) as indicative of their ability to resist the 
acidity of the stomach In the gastrointestinal tract they have presented 
to them also food which differs but little from the nonnal From the 
length of time which the symptoms last m the diffeient cases before the 
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laivas are expelled and fiom the lapse of time between the histoiy of 
ingestion of the probable source of infection and the appearance of the 
larvai m the stools, it is to be assumed that the full period of larval life 
is passed m the intestine It is, of course, evident that only the eggs or 
the freshly hatched larvae could escape detection m the food or survive 
the masticatory process In the case cited by Lampa 3 the larvse went 
into the pupil stage almost immediately after they were expelled m 
the feces 

For the history of the following case I am indebted to Dr Blanken- 
meyer, baetenologist foi the Illinois State Board of Health, at 
Springfield 

The patient was a man aged 30, weight, 145 pounds, rural mail carrier For 
the last twelve years there had been constant gastrointestinal symptoms, abdomi- 
nal pain, constipation and headache On Saturday, May 19, 1906, the patient 
began eating raw pumpkin seeds and continued the same without other food 
until Tuesday morning, then a full dose of laxative mineral water was given 
At noon of that day he passed from one thousand to one thousand five hundred 
larvae, which proved to be a species of Anthomyia The patient was put on 
calomel, santonin and aspidium but without further result The abdomen 
decreased five inches m circumference and the patient professed to have slept 
better than for months pieviously 

In addition to the preceding instance I have collected repoits of 
twenty cases In nine of the twenty-one cases available theie had been 
previous gastric disturbances or a lowered general resistance Hofman 31 
and Lublmski 40 diagnosed a previous gastric catarrh, Lublmsla 46 gastrop- 
tosis, Huber 32 phthisis, and m other cases (as m that reported now) the 
history indicates gastric or enteric derangement It is regretable that 
accurate gastric analyses have not been made so that it might have been 
learned whether or not the eggs and larvae were subjected to the action 
of a normal gastric juice 

The onset is generally sudden and the symptoms those of an acute 
catarrhal gastritis and enteritis, but it may be more gradual, the symp- 
toms meigmg with those of an antecedent gastric or enteric disordei 

General malaise and weakness are prominent, the face is pale and 
theie is a complete loss of appetite Nausea and vomiting occur at the 
onset and during the course, m some cases the larvae are found m the 
vomitus In many cases the gastric and abdominal pam is mentioned as 
severe, the pams are described b} r Lublmski as “finchtcrliche Lab- 
schmeizcn " Theie is a feeling of distention and distress and m the 
classical case of Jem us 30 a “ti emulous motion” was complained of. m 
the case of Lockwood 43 theie was “a choking sensation, as of worms 
ciawhng up the tluoat ” All the remaining s}*mptoms of acute catarrhal 
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ga=tntis are pi eson i such n= a coated tongue, acid ciuciaiions, mucus 
in f lie Aomitu« e\.ee=M\e lhu=l and cohckr pains In the two cases re- 
corded hr Leidr 4 - Hie =\!np{om‘> aic described n= tho=e of cholcia morbus 

The nenous ‘.wnptoms aie c<,peciul!\ jnomment and c eveie, di//iness 
and Molcnl headache oeeiu, and m the ca c e ol Judd, the patient, a lad of 
tom teen. 3 iad nolent spavin 1 ? which di c appenied with the passage of the 
hma? Kiau c e 4 " and (ieimni « !0 case-' weic ehaiacien/cd In ^oreie 
epileptifomi attack^ In both 00=05 the attack- cea=ed with the passage 
ot the lan.e Tlie patient- weie adult*- 

The lana? hare been found also m otliei paits of the kwh Fan- 
mane 27 iepoit= an eai infection in which anthoinnd kn« weie found, 
and James'' quotes an instance of mmphoniama descubed In Wernicke, 
of Buenos Anes with =creie excoi nation* oJ the Angina and discli.aige, 
migation bunging to light anthoinnd hma?, winch *o it was thought, 
“had derelopcd 111 the lectal pouch and nngiatcd tlnougli tlie pauetes" 

Tlie diagnosis can be made oni\ b\ finding the lan.e m the stools 01 
\omitus The ptognosis is ceitain The lan.e aie passed out natmally 
within a tune vaipng fiom one to fouiteen clar* if no ticatment is given, 
and with then passage the srmptoms cea=e Schlcsmgei”' lepoits a 
fatal ease of infection In fl>-laiv.e, in which tlie natuie of the lame 
was not deteimmed, but the lcsult of the autops> In Weichselbaum would 
seem to indicate that it was not an anthoinnd infection 

The tieatment m the published eases has railed Lampa 0 is of 
the opinion that it is impossible to leach the laiv.e by an> means and 
that they will pass out in then own time, which is 311st befoie they entei 
into the pupal stage Blanchaid 1 aI=o found all veimifnges and an- 
thelmintics without effect, Meschede alone obtained good lesults fiom 
=antonin On the otliei hand, simple pmgatives ancl laxatives hare gnen 
good lesults Fmlayson 28 succeeded with a laige dose of mmeial watei 
aftei alom had failed , in otliei eases also a laxative lvatei has fieed the 
intestine of the paiasites It is likely from the stnictuie of the laiva? 
that such would be the case, as they aie possessed of no means of ob- 
taining a firm hold on the mucosa and would be readily washed out In 
copious doses of laxative rvater 01 saline catliaitics 

FAMILY OESTRIDiE 

“Bather laige 01 very laige hies, with extiemely shoit antenna?, having 
a segmented arista, tlie front of the head piomment, the posteuor por- 
tion of the wings rough and with few veins, mouth usually atrophied, 
the ti opine being repiesented by tubercles” (Shaipe) 
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This is a small gionp of flies, of less than eighty species the laivas 
of all of which aie tine paiasites m mammals, m buds and leptiles 
(tenapin) also, cases aie lepoited (Leidy) The adult flies aie w ell 
known as bot-flies, bieeze-flies, waibles, lieel-flies or gad-flies, and pie- 
sent a veiy chaiactenstic appeal ance The } 7 aie laige, the common 
species liany, with slioit antennae and small eyes The mouth paits 
aie ati opined and the fly subseives only a geneiative function 

The laivae aie paiasitic m vanous animals, as m cattle, hoise * 5 sheep, 
deei, 1 abb its, squiirels, etc, and are found m lanous parts of the body, 
beneath the skin m cattle ( Hypodeima ), m the stomach m the hoise 
( Gash ophihis ), m the nasal sinuses of sheep ( Oeshus ovis ), beneath 
the skm and the scrotum of the squniel ( Cuteiebia cumcuh), etc 

Gashophilus eqm — The eggs of this species aie deposited on the 
hail of the foie parts of the lioise The moistuie and f notion of the 
hoise licking these paits opens the opeiculum at the free end of the egg, 
and the living laivae aie tiansfened to the hoise’s tongue Osborne 82 has 
shown that this occuis most readily from the fouiteentli to twenty-eighth 
dav The laivae giow lapidly m the mucous seeietions of the mouth and 
phaiynx and aie gi actually passed on to the stomach, wheie they become 
fastened to the wall by the two clntmous oial hooks and grow lapidly 
They aie most abundant about the pylouo end The laivae lemam at- 
tached to the wall of the stomach fiom late sumniei 01 fall until the 
succeeding spnng, when they are passed out by the intestine and bunow 
mto the giound, emeigmg as the adult fly m five weeks The adult 
laivae is thiee-fouiths to one inch m length and elongated oval m shape 
The bead is slendei and suimounted by two clntmous spines below 7 
wdncli is a double iow r of slioit, minute spines Along the antenoi maigm 
of the first seven segments is a double iow 7 of slioit clntmous spines 
Along the antenoi maigm of the eighth segment is a single iow 

Baillet shows that these laivae can exist m othei animals, as m the 
dog I have been able to find but two definite instances lepoited m 
man although ceitam doubtful cases fiom then clnonic natuie and 
then seventy would seem to belong to this class 

Tiencli 01 gives the case of a bov ten leais old, who had been the sub- 
ject of epileptic seizin es foi foui ieais When a fiee catliaisis was pio- 
duced lanne weie found m the stools which weie said by Howaid and 
Coquillet to belong to a species of Gash oplnlus But one moie spasm 
oecuned aftei the admimstiation of an anthelmintic 

Scliock s 88 case occuned m a woman with a clnonic gastne catarrh 
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Laiva il hgians (Crockci) — Theie has been desenbed by Ilambur- 
gei 05 m ibis countiw, by Lee 73 m England, and b} several Russian ob- 
servers, Samson-IIiminelstjeina, 84 Sokolow and others, an eruption which 
is supposed to be due to a species of Gasii oplnhis , possibly hemorrJioidahs 
01 pecontm The etiology is not certain. however, and ISTewman (Gal- 
low a} ° 2 ) supposes it to be due to some acarme mite, possibly Tciranyclius 
telanis It starts an itching pimple or small fissure and pioceeds as 
an liregulai, unb ranched line, led, slightly raised, 2 mm wide, and just 
beneath the skm The parasite is found about 0 o cm beyond the 
reddened extiemity of the line, and can be seen with a lens bj rendering 
the skm just beyond the line anemic by piessuie with a glass slide, when 
it appeals as a black speck 0 5 to 1 mm long It moves about the body 
m a veiy megular mannei, advancing from 1 to 15 cm pei daj, and 
is accompanied by seiere itching and diseomfoit The part pieviously 
tiaveised heals lapidly, leaving for a while a pigmented line 

It especially aflects clnldien and young peasants woikmg m the 
fields Only the uncoveied paits of the body aie attacked So far it has 
been obseived pnncipally m Russia 

Genus Uypodcima — The larvae of species of this genus aie noimallv 
parasitic beneath the skm of cattle, and of buffalo, deei, camels, etc In 
this country two species have been descubed — Uypodcima hneata and 
Uypodcima boms Of these, Uypoderma hneata is found universally 
in North America and it seems probable that the cases of infection bv 
Uypoderma bovis, udncli is the common old-w T orld species, should be ie- 
fened to Uypoderma hneata 

Uypodei ma hneata is found m all portions of the United States, but 
especially m the south and middle west The adult fly is found m the 
open fields, raiely m rvooded places or m the stables, and it larely fol- 
lows the cattle into the watei The eggs are deposited generally m the 
late summer or early fall, on the heels and hind parts of the cattle, 
fastened four oi six together on a hair, one fly often depositing a very 
laige number on each animal It was long supposed that the lame 
hatched from these eggs bunowud at once beneath the skm, thus finding 
their way to the back and sliouldeis It was also thought by some that 
the fly m the act of deposition placed the eggs beneath the skm, a painful 
process which would explain the gieat terror wdnch the cattle are said 
to have of these flies Cooper Cuitiee BG > 57 has showm, howuver, that here, 
as m the case of Gasti oplnlus equi, the larvae are licked off by the animal, 
thus finding their way into the pharynx and esophagus The larva as 
found m the esophagus when first hatched is about 0 OS mm long by 0 02 
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mm wide and of a slender, elongated oval in shape It is densely eoveied 
with spines, those on the teimmal segment being much largei and 
curved backwaid Two oral hooks aie piesent on the first segment 

In the second stage, which represents that most commonly found m 
the pharynx and esophagus and which is the form fiist found beneath 
the skm, the larva is from 11 to 14 mm long and has lost all except a 
few short spines about the anal spnaeles and the mouth parts In this 
stage it lives m the secietions of the pharynx and esophagus foi several 
months, geneially migrating thiough the cellular tissues to 311 st beneath 
the skm about December 

The parasite found beneath the skm at first is identical m form with 
that found m the esophagus The larva migrates aiound m an irregular 
manner, living on the wound secietions, and grows lapidly, so that it 
causes a palpable tumor 

In the third stage the laiva is about 16 mm long, is broader and 
tapeis anteiopostenoily The spines aie again prominent, but they aie 
differently ananged and are not as piomment as m the adult laiva 
The tubeicles have not yet developed 

In the fouith stage it is about 22 mm long and is a thick, fleshy 
giub, giayish white m color sometimes showing a brown coloi m the 
latei stages The spines aie laigei, less numeious and thick tubeicles aie 
developed on the segments In this stage the larva burrows thiough the 
skm and falls to the giound, leady to enter into the puparium 

These laivie have been known as paiasites of man foi centuries At 
one time an Oestms homims was descnbed, but all such cases have been 
shown to fall within the well-known species parasitic 111 animals, m tins 
countiy Hypo dam a hneata and m Europe Hypodama diana 

The following case was sent to Di Zeit by Di J G Holmes, of 
Eierro, Hew Mexico I am indebted to Dr Holmes for the history 

Tlie patient was a hoy, aged 13, goat-heidei , no lustoiy of any previous gastnc 
disturbance In the fall of 1905, the patient began to complain of indigestion, 
legurgitaton of food, belching and gastnc pain of irregular occuirence The 
bowels were regular and the patient was apparently in otliei respects well 
In Kosembei he noticed a swelling on the chest It mosed osei the upper 
part of the body, head and arms, neser staying m one place moie than three 
or foui days Where the swelling had been a vellow stain was left which dis 
appealed after seseral days At one time the patient noticed two distinct swell- 
ings one on the head and one on the sliouldei Occasionally he would appar- 
ently he free from the swellings and tender spots for two or three das s 

The patient was examined by Dr Holmes on seseral occasions O 11 the fn=t 
examination 111 December the tender spots on the right «ide of the chest os ei 
third and fourth ribs, was slightly swollen, red, and about tlnee or four inches 
in diameter, with no fluctuations, tender to touch, and often causing great pain 
At another time the sw ellmg w as os er the left ear on the =calp 

On Dec 30 1905 the patient noticed a swelling on the right arm painful 
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and red Dining the day the swelling mined from the shoulder to the ivnst of 
the same aim On waking the next morning the swelling was on the anterior 
sin face of the right shoulder o\cr the head of the humerus, about two inches in 
diameter, red, and tender to the touch A small circular hole about one twentieth 
of an inch in diameter was noticeable at the center of the swelling On the 
evening of December 31, while squeezing the swelling, the laiva m question was 
expelled It was about one half an inch long About one dram of thin, jellow 
=eium followed Recovery occurred after about two or three days Subsequent 
health was good 

The laiva m question was a laiva of llypodcima hneaia m the second 
stage, oi the fust stage m which it is found beneath the skin 

Theie aie seveial lecoids of such cases m the literature, but none 
with a moie complete lustoiy 

The persons most commonly a fleeted aie men whose occupation takes 
them about cattle oi into the fields which cattle fiequent It is probable 
that some dcgiee of peisonal nncleanhness plavs a part and that the fly 
m depositing its eggs on man, if it does so, is guided by the odor of the 
cattle on the peison in question It seems moie piobable, however, fiom 
the fact that only one or veiy few lanre aie evei found m a single patient, 
that the living laivai aie tiansfened to the mouth 

The laige propoition of childien infected is especially noticeable In 
seven Ameiican cases m which the laivie weie doubtlbss those of Hypo- 
derma. hneaia, six w r eie in childien between the ages of six and twelve 
The European cases, howevei, afford a laigei pioportion of adults 

The case above lepoited is the only one I have been able to find in 
which a definite lustoiy of gastnc distuibance is given Erom the life 
lustoiy of the w r orai w r e would expect a lustoiy of gastnc pam 

The tumor usually appears dunng Decembei or Jammy and is first 
seen on the breast or on the neck It is circumscribed, red, tendei and 
moves about m an megular mannei, leaving a yellow pigmented trail, 
which gradually disappeais On palpation, movement may sometimes be 
detected within, the tumoi Alien ® 0 closely observed the movements of 
the larva, marking with silver nitiate the spot where the larva was last 
seen On one occasion it had moved only one inch, wdule at another 
time it traveled from the wrist to the elbow m twenty-four hours 

The presence of the larva occasions considerable burning and itching 
Pam is present and is especially severe at night, keeping the patient 
awake 

If allowed to progress the tumoi frequently becomes quiescent and a 
small opening is formed at its apex The larva needs more oxygen for 
its now more rapid growth and the posterior end of the body, the posterior 
segment of which bears the pimeipal breathing apparatus, is close below 
the opening 
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The tumois may be found on almost any pait of the body, but are 
usually on the upper trunk, neck, shoulder and aims Hamilton gives 
a fatal case m which the larvae were at the root of the tongue 
The treatment m each case is immediate excision of the larvae 
Cephenomyia — Several species of this genus aie found paiasitic m 
the nasal sinuses of sheep, m which they occasion veiy severe symptoms 
Wesley Thompson reported a case m a man m San Bernardino, Cali- 
fornia The patient, who had previously suffeied from nasal catanh, 
showed an accelerated pulse and fever, the nose was swollen and the naies 
nearly closed with dried blood and mucus Forty larvae were removed 
Deimatobia cyamvcntns (Marquart, 1840), Deimatobia noxiahs 
(Brauer, 1860), Cuteiebia noxiahs (Goudot, 1845) — I shall give these 
as one species, although Blanchard 151 distinguishes two sepaiate species, 
Deimatobia cyaniventns and Deimatobia noxiahs Then classification 
and life-history aie still indefinite and the cases m the liteiature aie 
given as for a single species 

The larva is known and descubed under various local names, as the 
vei macaque (monkey-woim), ioicel, and m Mexico moyociul It is 
found m South and Central America and cases have been leported m 
the southern portion of the United States It has so fiequently affected 
man as to become known as the Oestius hominis, under which title it 
has been frequently described m literature 

It attacks also hoises, cattle, sheep, cats and dogs It is piobable that 
the eggs are deposited on the hair as m othei species, although some 
observers describe a painful sting, on the site of which the tumoi subse- 
quently develops 

The tumor is found on all paits of the bod} r , but especially on the 
buttocks It is furuncular m appearance, motionless, and, accoidmg to 
most observers, very painful, although natives, who aie frequentl} 
affected, are said to feel very little discomfort 

FAMILY SARCOPR IGIDzC 

This family of flies is distinguished by “little more than that the 
bustle of the antennas is feathery at the base, but liair-like and very fine 
at the tip” (Sliaipe 22 ) 

The larvae are found m decaying vegetable and animal mattei, often 
m fresh meats and other foods Several species are parasitic m other 
insects and others are parasitic occasionally m other animals and m 
man The flies are exceedingly prolific and the eggs hatch very rapidh, 
oi as m the genus Saicophaga, the fly is viviparous or else the eggs hatch 
almost mstanth 
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Cases luuc been obsened of intestinal myiasis m winch species of 
Sai cophagxdiv lme been found (S hvmatodcs , S canuma, S hccmoi- 
ilioidahs,S afjtms 

In man, howeiei, the tlic^ aie most commonly found de\ eloping m 
suppuialmg wounds and ulceis and m cluomc eai and nose affections, 
wlieie theie has pieMou-lv been consumable discbaige In Egypt the 
lame lia?e been found m ulceis beneath the c\elid 

Kolm™ gnes a ea«e in which thousands of saieophagid lana? weie 
found m the pentoneal eaub, whence thc\ had found then way fioin 
an ulcus mode Kiiby and Spence® mention a beggai who was accus- 
tomed to placing his suiplus contnbutions, especially meat, between his 
shut and skin Feeling ill, he lay down to sleep m the shade What 
was piobably a species of Saicophaguhv consumed the meat and then 
attacked the man When found he was too weak to help himself and the 
tlesli was paitly consumed tiom his bieast so that he died in a hospital 
one horn aftei being nioied theic Cloquet gnes a similai case 

Laivai of this family haie also been found m iuiunculous swellings 
beneath the skin, m the lagmas of gills and women, especially wdieie 
theie had been a, discbaige They aie eien lepoited to ha\e penetiated 
the cianial cavity fiom infection of the sinuses 01 by the oibital flsSuie 
(Peiper 15 ) 

In Russia infections by these lame June been ?eiv frequent 
(Poitsclunslcy 100 ) 

The following species liaie been found Saicophaga ccunana, S 
Magnified, S wohlfahiti, Saicophila meigcm , S lahfciovs , S uaahs, 
S luficoims 

FAMIL1 MUSCIDiE 

The Musculo; comprise 0111 common house-flies, and aie distinguished 
by the bristle of the antenna? being featheied The lan a? aie found m all 
mannei of decomposing mattei and aie eveiyw’heie well known 

Several laivae of Musca domeshca weie sent to Di Zeit, having been 
found m the stools of a patient and mistaken foi Distomcs No lustoiv 
of any kmd was obtainable 

Di Leidy 42 lepoited a case m which the laivae of the bluebottle fly 
( Lucilia cwsai) had been found m the stools 

In the cases given by Kiause 110 and Senatoi 114 a descnption of the 
symptoms is given These aie identical with those obseived m otlier 
cases of intestinal myiasis 

Larvae of Muscidce ha? e also been found m wounds and m ulceis, m 
the ear, nose and vagina 
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A patient presented himself to Di Zeit, complaining of seveie pain 
m one eai accompanied by some discliaige Seveial days pieviously one 
of the common species of flies had got into lus eai and lodged m the 
canal, but aftei a moment or two it ceased to discomfoit him and he 
supposed that it had escaped On examination the lemaras of a fly weie 
found m the canal, while the skin and the connective tissue ovei the 
caitilage were uddled with small bui rows m which weie numeious laiva? 
Tliese weie lemoved by means of forceps and antiseptic washes The 
species was not detei mined 

The following species of Muscidce have been lepoited occumng m the 
intestine Musca pendula , Musca domestica , Musca stabulans , Calliphoia 
vomxtona, Lucilia ccesai 

The following species have been lepoited m wounds and m othei 
external affections Musca domestica , Musca stabulans , Calliphoia vom- 
itona, Calliphoia ei yihocephalus, Lucilia ccesai 

Compsomya (Lucilia) maccllaua — The sciew-worm, the laiva of 
Compsomyia maccllaua, is by fai the most frequent cause of myiasis 
externa in the United States and the one which causes the most serious 
consequences It is found thiougliout the southern part of the United 
States, m Mexico, South and Cential America Occasionally a case of 
infection by the larva has been leported m the noithem states 

The larva is about thiee-fourths of an inch long Between each two 
of the segments is a low of bristles which cause it to lesemble a screw 
The larva is pointed antenorly and the head beais two sharp, pointed, 
stiong black hooks It is found m fiesh and decaying meats and m 
infected u ounds m cattle, sheep and othei domestic animals, occasionally 
m man 

In man it is found m wounds, ulceis, m the ear and especially m the 
nasal sinuses and the phaiynx It has even invaded the ei e-ball Seieial 
fatal cases aie repoited and some idea of the extreme^ destiuctne nature 
of the infection may be gathered fiom Snow’s ca=e m which he found, 
aftei death the ceivical vertebra? denuded of all tissue, the hyoid bone 
destio}ed, and the nasal bones held only by the superficial fascia The 
palate bone bioke on the slightest piessure 

A laige numbei of these laiva? are often found m a single infection, 
and as manv as two or thiee hundied have been remoied 

Ochiomyia anthophaga (Blancliaid) — The laiva of tins fh infects 
man m South Aiiica m about the same mannei as the Dcimatabia lana 
in South Ameiica The fly belongs to the Mvscida :• 

In conclusion I wish to thank Piofe=sor Zeit for lus kindh abidance 
aud im the specimens and laboiaton facilities placed at mi d^po^al 
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Di Blankmeyei and Di Holmes I tush to thank foi the specimens sent 

me and for the case histones which accompanied them 
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TIIE TJEINAEY FINDINGS IN A SEEIES OF INFANTS SUF- 
FEBING FEOM INTESTINAL INFECTION - 
J H JIASON KNOX, Je , 5ID 

BALTIMOBE 

AND 

J C ME AKINS, MD 

NEW TOKK 

Concerning tlie condition of the kidneys m infants snffeimg fiom 
intestinal infection there has been a wide difference of opinion In a 
caieful leview of the liteiatiue by Moise 1 m 1899 the conflicting news 
weie giaplncally stated Among those whose opinions aie founded on 
large peisonal expenence may be mentioned Kjellbeig 2 uho m 1870 
found neplmtis on autopsy m 67 out of 143 infants dying of acute oi 
chiome enteritis In 3 non-fatal and 15 fatal cases of the same kind the 
urine contained albumin easts and leucocytes Holt writing twenty 
years later m Keating's Cyclopaedia/ asserts that, although cloudy swell- 
ing of the renal tubules is common m ententis as m other febrile dis- 
eases, true neplmtis is uncommon, and that albumin m large amount, 
lenal epithelium, and casts are exceedingly lare Nevertheless, Czerny 
and Moser 1 m 1S94 found neplmtis m 11 fatal cases of gastioententis m 
infants undei two weeks old The fiequency of neplmtis, they admit, 
diminishes with age In the same yeai Falsenthal and Bernhaid 5 re- 
poited a senes of 15 autopsies m cases of vomiting and dianhea m vhieh 
the unnaiy findings had been lepeatedly studied dui mg life Marked 
degeneration of the convoluted tubules was demonstiated The collect- 
ing tubules contained many casts and often blood In the uimary ex- 
amination albumin uas usually piesent and often neeiotic cells, casts 
of -vanous lands and leucocytes weie found 

Moise 4 piesents a series of cases all m infants attending the out- 
patient depaitment ill with uncomplicated diairheal diseases m which 
the mine vas collected bs cathetenzation and caiefulh examined The 

•j ». 

“ Fiom the Laboiatoiv of the Thonn« WiKon Sanitarium 

1 Morse The Renal Complications of the Acute Enteric Disease^ of Infancy, 
Arch Pediat 1S90 am G49 

2 Ivjellbeig Jour f Kmderkr 1S70 In 192 

3 Holt Keating’s Cyclopedia 1S90 

4 C7ern\ and Mo=er Jahrb f Kmderli 1S04 new =erie=, aaavih 430 

5 FePcnthal and Bernhard Arch f Kmdcrh 1S94 ami 222 
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URINALYSIS IN INFANTILE INTESTINAL AFFECTIONS 


clinical diagnosis was fei mental dianlica m 64 instances and ileocolitis 
m 6 Albuminuria due to renal complication was noted m but 10 cases, 
11 pei cent, and, except in one instance, was of small amount Casts 
veie found m but 6 of these case 1 ? Ko mention is made m this analysis 
of pus cells although m the table pus is recoided as present m the sedi- 
ment in 4 instances, and in 8 other cases an occasional srrlall cell is noted 
"No i elation was made out between flic unnaiy condition and any of the 
SMnptoms, and Moise concludes that the icnal changes m the acute 
dianlicas aie usually model ate in degice and degenerative, and not m- 
flammatoiy m character It is unfoitunatc that, m each of the cases 
lepoited b} Moise, but a single examination of the urine was possible 
and that manv of the cases parsed at once out of observation 

In the same }eai Koplik 0 leported a series of 25 infants and children 
with acute or subacute gastioententis, m -which albumin alone was found 
in 4 instances, albumin and casts m 13, albumin with casts and pus 
twice, and casts alone once, while the mine was noimal m but 4 cases 
Although Koplik thinks that these findings -justify the teim nephritis, 
he lecognives that the condition, on account of its lapid improvement 
u ithout renal lesion, is different from the nephritis m adults 'or that 
aftei scailet fevei It is brought about, lie suggests, by the action of 
toxins in concentiated foim upon the kidneys, because of the great loss 
of fluid 

Recently Chapin 7 found albumin m 75 out of 86 cases of disturbance 
of the gastrointestinal tract, m 37 of which casts were also noted These 
elements were present m a somewhat larger ratio m a series of pulmonarv 
and general diseases The almost uniform presence of albumin, often 
v ith a few casts m many febrile affections m infancy has been lepeatedh 
noticed by Jacobi 8 and others It seems, therefore, that although lenal 
complications play a small role m gastroenteric affections of mild and 
moderate grade, yet m the severe foims they aie more serious 

The present study was undertaken with the hope that a somewhat 
more extended analysis of the urinary findings m a senes of infants suf- 
fering from diarrheal affections, and under constant observation m hos- 
pital waids might indicate more clearly the extent and frequency of 
icnal complications m intestinal diseases 

INTRODUCTORY STATEMENT 

The cases studied were those of 72 infants admitted to the wards of 

6 Koplik New York Med Rec , 1S99, Iv, 451 

7 Chapm Arch Pediat , 1906, win,, 329 

8 Jacobi New York Med Joui , 1SSS xlvn, 225 
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tlie Thomas Wilson Sanitaiium 0 Tliej^ majr be divided foi oui piu- 
poses into two groups — those with intestinal infection and those with- 
out The urine was collected m specially ananged flasks oi test tubes, 
or, m the case of gills, directly m a vessel or obtained by cathetenzation 
In many instances a number of specimens were obtained fiom the same 
case 

The first group, the diairheal cases, consisted of 53 infants , of these 
33 had dyspeptic or fundamental diarrhea of vaiymg degiees of sevent} r , 
and 20 ileocolitis, as determined chiefly bv the chaiactei of the discharges 
In manj r of the latter cases theie was evidence of intestinal ulceration 

GENERAL CHAR VOTER OE THE URINE 

In 31 of these 53 cases no pathologic elements were found m the 
urine, m 22 instances the unne contained albumin, casts, pus, red blood 
corpuscles, or seveial of these elements togethei, as will be specifically 
stated latei on 

AGE PERIOD 


The infants studied fell into the following age penods 


Birth to 3 months 

5 

4 to 6 months 

14 

7 to 9 months 

17 

10 to 12 months 

5 

13 to 24 months 

12 


53 


Thus moie than half weie m the middle half of the fust veai 


SEX 

But little mteiest attaches m this pielimmaiy anahsis to the sex of 
the cases studied They it ere Boys, 34, gills, 19 Total, 53 

DURATION or ILLNESS 

The duiation of illness at time of unnaiy examination may be bnefly 
stated as follows m penods of weeks 


1 week or less 

S 

1 to 2 weeks 

S 

2 to 3 weeks 

12 

3 to 4 weeks 

7 

4 to G weeks 

12 

G to S weeks 

2 

3 months 

3 

Uncertain 

1 


33 


0 Hospital for children suffering from intestinal disorders situated m the 
country ten miles from Baltimore 
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As the in mo was usually examined choith aftei admission, tins date 
indicates that the babies when lecened weie suficimg from moie than 
light tiansitoiv intestinal deiangement Tine i S a Po shown by the ic- 
sult of tieatment 


RESULT or THE VI ME XT 


Discliaigoil veil 
Discharged nnpro\ ed 
Diselituged ummpio\ed 
Died 


10 

57 per cent 

11 

20 per cent 

4 

S per cent 

S 

15 per cent 

VI 



Tins table indicates that the eases studied weie of somewhat seieiei 


chaiaetei than those of the canitaimm as a wliole 


Passing fiom the moie geneial consideiation to a stud> of the cases, 
in winch the uime was abnoimal, a fnitliei anahsis should considei the 
extent and natuie ol the unnan alteiations and the icnal changes, if 
am, indicated theielp Twenh-two cases weie iound It has long been 
known that in any ielnile 01 toxic disease, a ceitam amount of albiunm 
and some casts mav be iound m the in me, not because of an inflain- 
matoiy lesion m the kidneys, but due latlici to a paienclnmatous degen- 
eiative piocess 01 “cloudy swelling’ which the kidneys show m common 
wutli the othei oigans of the body and winch may be of meie tiansitoiy 
chaiaetei 


CLOUDY SWELLING 


Of the 22 cases, m 2 the jnesence of albumin was the onl^ abnoimal- 
lty, wdnle m 5 otliei s albumin and hyaline casts weie noted togethei 
The albumin w r as nevei piesent m laige amount, and the condition of 
the patients not paiticulaily senous, wnth the exception of one infant 
w'ho died of ileocolitis, m whom the lenal condition was compaiatively 
unmiportant All these patients had moie oi less fevei, one had convul- 
sions 


PYELITIS 


We legaided the piesence of pus, polymoiphonucleai leucocytes, m 
fanly laige numbeis m the unne as significant of a definite mfiammatoiy 
process m the urinary tiact Theie was no evidence m the wliole senes 
of any uiethntis oi cystitis The legion of the bladdei was lepeatedl}’ 
palpated m all our cases, and m no instance w r as any tenderness elicited 
Xo fiequency of micturition wxas noted Pyuria alone oi with moderate 
albummuna without otliei change suggests pyelitis, although the exact 
extent of the lenal involvement is difficult to deteinnne Cases belonging 
to this group were as follows With pus alone, 2 , with pus and albumin, 
o, making 7 m all 
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NEPHRITIS OR PYELONEPHRITIS 

When pus cells, togethei with albumin and casts, were found, tlie 
diagnosis of nephritis was made, especially when red blood cells 01 man} 
bacteria were also piesent This gioup of cases is as follows 

Pus with albumm and casts 4 

Pus with albumin and casts and many bacteria 2 

Pus with albumin and casts and red blood cells 2 


8 

The casts tveie foi the most pait hyaline m chaiaeter, though pus 
casts and granulai casts were fiequently found, but never m large num- 
bers 

In regard to the character of the intestinal condition, these cases aie 
divided as follows 

Dyspeptic or fermental diarrhea 10 

Ileocolitis 12 


Dividing the cases with urinary changes into thiee gioups, as above 
indicated a, albuminuria with oi without casts, b, pyelitis (pus cells 
without casts) / c, nephritis oi pyelonephutis (pus cells with albumin and 
casts), the relation of each of these to the intestinal condition may be 
indicated thus 



Dyspeptic 



Diarrhea 

Ileocolitis 

Albuminuria 

3 

4 

Pyelitis 

3 

4 

Nephritis 

4 

4 


10 12 


This table suggests the conclusion that unnaiy findings maA be 
alteied by the toxins oi fever m dyspeptic dianhea as veil as during an 
ileocolitis Tins may be because m mam of the=e cases the two condi- 
tions aie not to be shaiply distinguished A fuither analysis of the 
cases m lespect to the intensity of the lenal changes as indicated 1)} the 
amount of albumin and tlie numbei of pus cells and casts shows about 
as seveie involvement m the infants with dispeptic chaiihea as m those 
with ileocolitis 

In lespect liowevei. to the whole numbei of cases examined^ the le=- 
fiequent finding of uimai} changes m ch speptic dianhea is bi ought out 


by the following table 

Total No 
Case* 

Urinary 
Change 
No ca*e* 

Normal 

rinding* 

Percent No ca«e* 

Per cent 

D% speptic diarrhea 

33 

10 

30 23 

70 

Ileocolitis 

20 

12 

00 8 

40 
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An analysis of the cases with 

pathologic 

unne aecordm 

g to then 

may be bnefly indicated 





Patliolojnc-Urine 


Age Pcnod 

Total No 

No Cases 

Per cent 

0 to .3 months 

5 

1 

20 

4 to 0 months 

14 

7 

,30 

7 to 9 months 

17 

10 

38 

10 to 12 months 

3 

1 

20 

12 months 

12 

1 

25 


.33 

22 



The numbei is too small to wanant sleeping deductions, but the 
figuies suggest that unnai} changes m intestinal disease are nioie fre- 
quent dunng tlie middle of the fust jeai than at othei times 

A laigei numbei of our 22 cases oceuiied m boys than m girls, the 
numbei of boy s m the scries being 16, or 13 per cent , against 6 girls, oi 
21 per cent This furnishes ground foi the piobability that the urinary 
changes weie not biought about from without through methral infection 
The lesults of tieatmcnt of the 22 cases with pathologic urine are 


msliuetive and may bo indicated as follows 




No 

Cases 

Per cent 

Well 


9 

41 

Improi ed 


7 

32 

Ummpro\ cd 


2 

9 

Died 


4 

18 

Total 


22 

100 

The lesults of the lemammg 

cases studied 

in which 

the unnary 

findings ivere normal w T cie 

No 

Cases 

Per cent 

Well 


21 

68 

Improi ed 


4 

13 

Unimpioved 


2 

6 

Died 


4 

13 

Total 


31 

100 


Thus, as fai as oui expenence goes, the geneial lesult of tieatment 
of cases with normal urine was somewhat bettei than in those with 
altered urinary findings Of the foimei group 25 out of 31, or 80 per 
cent , were bettered, while 6, oi 20 per cent , were unimpioved, wheieas 
m the latter group of 22 cases, but 16, or 73 per cent, were bettered, and 
6, or 27 per cent , were unimproved 

The result of the treatment is also instructive m i elation to the foim 
of intestinal derangement 

Cases with Abnormal Urine, 22 in Numbfr 

No Cases Bettered Not Bettered 

Dyspeptic diarrhea 9 9 0 

Ileocolitis *3 7 


Total 


22 


16 


6 
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Cases with Normal Urine, 31 in Number 



No Cases 

Bettered 

Not Bettei ed 

Dyspeptic dianliea 

23 

22 

1 

Ileocolitis 

S 

3 

5 

Total 

31 

25 

6 


Our tables must not be taken as indicating the effect of unnaiy com- 
plications m cases of ileocolitis Of the 13 patients with ileocolitis hav- 
ing some alteiation m the urine, 7 were bettered and 6, or 46 per cent , 
were unimproved, while of the 8 babies suffenng with ileocolitis m which 
the urme was normal, but 3 were improved, and 5, or 62 per cent , were 
not bettered In certain instances to be cited the persistence of urmaiv 
complications m ileocolitis are cleaily seen In several of the cases m 
which the urinary findings were negative, moie fiecpient examination of 
the uime might have disclosed a pathologic condition 

CASES OP URINARY ABNORM ALTIES WHICH DID NOT HINDER RECOVERY 

In many instances the abnormal condition shown by the uime did 
not seem materially to affect the outcome Of the latter class two cases 
may be cited 

Case 1 — F S, Clin No 141, a child of 4 months, for the most part breast- 
fed, on admission had been ill for two weeks with vomiting and diarrhea The 
stools were seven to eight a day and contained mucus and curds There was no 
blood or pus in the discharge at any time Repeated urinary examinations 
showed a small amount of albumin and a few hyaline casts with a considerable 
numbei of pus cells The child vomited frequently on mother’s milk This was 
alternated with a low milk mixture to which sodium citrate was added The stools 
quickly became normal m character, but remained five to six in twenty foui 
liouis The baby was discliaiged after three weeks apparently well, but with a 
trace of albumin and some pus cells still m the urme 

A somewhat similar case is the following 

Case 2 — D F , Clin No 229, a colored infant, aged 8 months About the 
history little was known, except that the child had been “bonded out,” fed on 
condensed milk and table diet and for the past two weeks had had lomiting and 
dial rhea with eight to ten mucous stools a day After admission the number of 
stools was considerably reduced, but they still contained mucus Several daj s 
latei albumin and considerable pus were found m the unne, but no casts The 
temperature arose to 103 The general condition of the child impro\ ed aftei this 
and the temperature became norfiial, but despite the liberal use of hexametlij lena- 
min (urotropin) the p-vuria persisted and was present on discharge, although 
the patient otherwise seemed well 

THE URINARY COMPLICATION AS THE ClIIEr AILMENT 

In the next case the urinary condition probabh indicated the chief 
ailment 

C \se 3 — X B Clm No S2 a child aged 1 vear had had -vomiting and 
dianlioa occasionallv for n month The stools neier contained blood but were 
largel\ mucous and numbered ten to twehe dailv The temperature during the 
whole period of observation about s e -s C n week= showed marked dailv -variations 
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similar to that m septic infections, sometimes rcaclnng 103 F Numerous rales 
ueic occasionally found m both lungs, but neiei am tubulai bieatlung Pyuria 
of a marked grade was picsent piacticalh throughout Only a small amount of 
albumin was discoc ered Repealed cultures fiom the urine showed it to contain 
mam colon bacilli Vniintions in diet, iriigations and the persistent use of 
urotiopin In mouth and icctum failed to affect the urinary condition The child 
gradually lost weight, became peaked and emaciated, and died sliortlj after 
lea\ing the sanitarium 

NLPIiniTJS AND PYELITIS 

In the two follow mg cases of neplmtis and pyelitis the iinnary condi- 
tion cleared up under obsci ration 

Case 4 — J It , Clin No 107, a child of G months, admitted after an illness of 
about ten dn\s in which the stools woie frequent, mucous, and occasionally blood- 
tinged Iheie was some delation of temperature and the signs of marked sepsis 
The first examination of the mine showed a moderate amount of albumin, manv 
In aline casts, epithelial cells and manj pus cells Undei a cereal diet, then one of 
diluted milk, and the use of hexamethjlenamin, the condition of the urine grad 
unll} cleared and thicc weeks after admission was normal 

Case 3 — A S , Clin No 173, a child of 4 months, had been ill for three weeks 
with feier, counting and fiequent mucous stools There was no history of blood 
When first seen the patient was drowsy and the heart action irregular The 
mine contained albumin and h} aline casts and a considerable quantity of pus 
The tcmpeiatuic was lnegulai and ranged from 07 to 103 On two occasions 
dincetic acid and acetone weic present Calomel and diet, first of cereal and then 
of diluted skimmed milk, weie gnen, after which the general condition impioied, 
the stools became fccil and the urine lioimal 

In none of the cases cited — indeed m none of the whole senes — weie 
theie localizing symptoms, noi was any pain elicited m palpation orer 
the legion of the bladdei, theie was no mci eased fiequency m nnctuii- 
tion, and no urethritis, m shoit, the leiicoc}tes and othei abnoimal 
featuies of the mine could haidly hate been mtioduced fiom the low T ei 
urinaiy tract 

SOURCE OF INFLCTION 

The source of infection m these cases is appaiently the intestinal 
tract, particularly the low T ei bowel The infection leaches the kidney 
either through blood oi lymph stream, oi b} r dnect contact At autopsj 
one frequently finds a thickened and ulcerated colon lying immediately 
on a kidney In repeated bactenologic examinations m several cases m 
this and m other senes, the colon bacillus, the predominant inhabitant 
of the low r ei bow'el, has been piesent m the cloudy urine 

As has been stated, among the 53 infants having intestinal disease 
8 died, 7 of ileocolitis, and 1 of dyspeptic dianliea In 4 fatal cases, all 
of ileocolitis, there were pathologic urinaiy findings In the lemammg 
patients vdio died, 3 of ileocolitis and 1 of dyspeptic dianhea, the mine 
was nonnal 
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CASLS WITH AUTOPSIES 

Autopsies were performed m 5 instances, 2 m cases of ileocolitis with 
negative urinary findings, and 3 m cases also of ileocolitis, but with 
pathologic uime A summary of the clinical histones of these eases with 
the autopsy findings is as follows 

Case 1 — Diagnosis — Ileocolitis (urine normal) 

Patient — I S, aged 7 months Clin No 215, admitted acutely toxic and 
hard to aiouse The onset of the illness occuired thiee days befoie with violent 
vomiting and purging The temperatuie was markedly lemittent The stools 
were mucopurulent, definitely blood-stained Theie v T as some tenesmus The 
unne w r as normal The child, aftei a shoit period of appaient improvement, died 
from toxemia 

Autopsy — On section moderate cloudy swelling of the lnei and kidneys weie 
found The mucosa of the laige bowel from v ah e to rectum w T as thickened with 
considerable superficial loss of substance The pentoneal lymph glands were 
enlarged Microscopic examination of sections of the kidney showed considerable 
swelling of the cells of the convoluted tubules The nuclei stained rather pooily 
The glomeruli and straight tubules appeared normal 

Case 2 — Diagnosis — -Malnutrition, ileocolitis (mine normal) 

Patient — E F Clm No 245, an infant 6 months of age, weighing 9 pounds 
was ill for a month with vomiting and diarrhea Stools weie watery, contained 
some mucus, but no blood Undei obseivation the child had no fever, but le- 
mamed weak and listless and finally died of asthenia The urine was negative 

Autopsy — The heart was found to be somewhat enlarged and the mitral 
valve thickened The mucosa of the lower ileum was swollen with numerous 
ulcerations of Peyer’s patches m this leigion The mesenteric and reti opei itoneal 
lymph glands were hypertrophied No abnormalities were noted in the other 
visceia No section of the kidney was saved for microscopic study 

In tlie lemammg fatal cases with autopsy the urme piesentecl path- 
ologic findings 

Case 3 — Diagnosis — Septicemia, albumimnia fatty degenei ation of kidnev 
and liver 

Patient — B It , Clm. No 174 aged 5 months, was admitted with a history 
of vomiting and dianliea of a week’s dui ation The stools were not frequent but 
were said to contain mucus and blood The child was drovvsv when first seen 
There was a laige fluctuating mass m the scalp at the occipital legion apparently 
a suppurating hematoma The mother proved indifferent and leal abuse of the 
patient was suspected Albumin m moderate amount was present in the unne 
The child had an n regular tempeiature and died apparently’ from a general in- 
fection foui davs after admission 

Autopsy — Tittle alteration was found m the intestinal tiact except foi a 
slight increase m the lymphoid tissue of the large intestine The me=enterie and 
retrosternal lvniph glands weie enlarged and softened The organs particulnh 
the liver and kidneys indicated fatty degeneration The cortex of the kidnev 
was pale vellovv in color The stnations and glomeruli were not well defined 
The renal pelves and the ureters were normal On microscopic examination the 
sections of the kidnev weie found to stam poorlv theie was marked poremhv- 
matous and fatty degeneration particularlv in the cells of the cortical irea and 
but little small cell infiltration The liver cells were largely displaced bv fat 
droplets particularlv in the center of the lobules 

In the above ease the renal involvement and albuminuria were piob- 
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ably not due primarily to the intestinal condition,, but to the geneial in- 
fection following the scalp lesion 

Cash 4 — Diagnosis — Ileocolitis, nephritis 

Patient — Or K, Clin Nos 24G, 302, aged 7 months, had lieen ill when first 
seen foi two months with nniropm ulont. frequently bloodstained, stools The 
child was markedly emaciated with scaphoid abdomen, otherwise the phjsical 
examination was negative The mine contained albumin m considerable quan- 
tities, also livalme and granular easts and pus cells The patient was unusually 
lethargic, but seemed slowly improving when he was taken home against advice 
He was returned a few dais afterward much worse The stools were all deeply 
blood stained He died in coma a few hours after Ins second admission 

Aiiiopsg — The absence of subcutaneous fat as well as the paleness of the 
musculatuie was a striking featuie Theic was marked chronic passive comrcstion 
of all the oigans The renal cortex was thickened and slightly granular Several 
small line acid calculi were present in the renal pelvis and ureters The in- 
testine showed the most pronounced changes, beginning midway in the ileum the 
mucosa was thickened and the scat of scattered punched-out ulcers increasing m 
number near the ileocecal valve The large intestine to the rectum presented a 
swollen inflamed mucosa studded with numerous ulcers The mucous membrane 
was m certain aieas almost in shreds The mesenteric glands were large and 
li^peremic The urinary bladder was normal 

Micioscoptc ExamvtaDon — The sections of the kidney showed pronounced 
degenerntne changes, limited largely to the cells of the comolutcd tubules In 
these the protoplasm stained pooily, was granular, and often contained numerous 
fat dioplets The nuclei weie not stained with hematoxylin In many instances 
the outlines of the cells were ragged and irregular These changes were limited 
to the cells of the convoluted tabules The glomeruli w f ere little, if at all affected 
The collecting tubules were normal There was no accumulation of leucocytes or 
otliei evidence of inflammatoi} r icaction 

Case 5 — Diagnosis — Ileocolitis, nephritis, pjclitis 

Patient — E B, Clin No SS, a baby of 10 months, had been seriously ill 
with mucous and bloody discharges foi a month On admission the intestinal con- 
dition seemed improved and the stools but little blood stained The child, however, 
was pale and weak, and had extensile tliiusli in its mouth, and excoriated but- 
tocks The urine contained laige quantities of pus and some albumin There was 
some suppression of urine The patient became progressively worse and died in 
four days after admission 

Autopsy — There was found some fatty degeneration and congestion of the 
liver and kidneys In the renal pelvis the mucosa was the seat of numerous 
hemorrhages, the congestion and eccliymosis extended down both ureters to the 
bladder The lining of the small intestine was normal to just above the ileocecal 
valve, where the mucous membrane became markedly swollen and beefy with many 
ulcers, small and also confluent The mucosa of the large intestine was congested 
and ragged thioughout The lymphoid stiuetures were everywhere enlarged 
Fiom bladder and renal pelvis pure cultures of colon bacilli were isolated The 
sections of the kidneys on microscopic examination showed marked degeneiative 
changes m the cells of the convoluted tubules These stained darkly m eosm- 
like amyloid material The borders of the tubules extending into the lumen were 
niegulai and many of the nuclei stained feebly There was no evidence of acute 
infection and no increase m connective tissue 

In these last two cases the nnnaiy condition probably arose fiom 
direct infection of the kidneys fiom the oveilymg diseased bowel From 
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the same souiee it is likely that constant reinfection occuned, and hence 
the p}una persisted 

RESULT OF TREATMENT 

But little can be added from onr expenence to the treatment of cases 
in -which there is abnormal mine The nephritis as indicated by the 
amount of albumin and the number of casts is rarely of seveie giade 
and tends to spontaneous improvement if the intestinal condition of the 
patient can be bettered The diet was made as bland as possible, a 
ceieal water was given with or without a small amount of egg albumin, 
and, as soon as it seemed safe, a milk mixture In our hands a skimmed 
nnlk mixture was more easily borne than one containing moie fat, 
although when the patient seemed able to digest fat it was given because 
of the desirability of reducing the proportion of pioteid to fat and car- 
bolndiate m the diet for a nephritic When pjuria was the more piom- 
ment symptom, hexamethylenamm seemed of distmct value, of equal 
seivice were intestinal irrigations which emptied the lumen of the lower 
bowel of a ceitam amount of the infectious material 


THE URINE IN INFANTS HAVING NO INTESTINAL INFECTION 


Tor purposes of comparison the results of the examination of the 
unne m a number of cases which had no symptoms of intestinal infec- 
tion aie now indicated These babies were suffering from the following 
ailments 


Malnutrition C 

Diarrhea, simple 6 

Intestinal indigestion 4 

Congenital heart disease 1 

Diphtheria I 

Marasmus i I 


Total , 19 

In the unne of none of these was any abnormality found An 
anal} sis of these cases as m reference to sex and age may be briefly stated 
as follows 

Se\ Male, 13, female, 6 Total 19 

Age period 1 to 3 months, 2 4 to 9 months, 9 10 to 24 months 3, 24 months 
and oi ei, 3 Total, 19 

The} differed from the infants alieady discussed m the fact that they 
save no clinical evidence of gastrointestinal infection As the nature of 

c c 

then disease suggests, thev weie not so acutely ill, although m some in- 
stances their ailments had been of long standing 


RESULTS IN THESE NINTTEEN CASES 
All were discharged well except two who died, one from congenital 
hean disease and the other from maiasmus 
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r J'o these cases mar be added one the exact naiuie of which was some- 
what obseme 

Patient — K S, Clin Nos 101, 220, a child of 18 months admitted with 
the historj of hiring been ill foi throe months, m which time she had lost muca 
weight One week before admission thoie hud been diarrhea, the stools containing 
mucus, “with some blood ' On examination the child was found to he markedlv 
emaciated with n regular henit action and respiration The knee jerks were 
much cxnggeiated and Koimg’« sign wns suggest no The neck was sliglitlx stiff 
and thcie was tome contraction of hands md feet Tlieic was eiident mental 
impaiinient Tiie stools were noinial after admission and the patient implored 
on ci tinted milk No lumbar puncture was made because of the rapid mending 
The mine was found to contain a small amount of albumin casts and some pus 
cells The urimm findings persisted after the patient was disehniged greatly 
improxed It was thought that this might hn\c been a pscudoincmngitis of m 
lostinal ongm, m which case the uimnn condition was piohabh induced during 
the penod when the mucus dun i hen was present If so, the ease belongs to the 
former group 

SUMMARY 

T7nne of abnoimal chaiaclei was found m 22 out of 33 cases of in- 
testinal infection m infancy 

Of these 22 cases the mine contained albumin and occasional h) aline 
casts as the only pathologic element in 7 instances febrile oi toxic albu- 
minuna , m 7 otheis the piesence of pus cells was the chief chaiactenstic, 
pyuna (pielvtis) , m the lemainmg 8 cases albumin casts and pus w*eie all 
piesent, mdicatne of nephutis oi pyeloneplmtis The mmap changes 
w r eie moie fiequent m ileocolitis than in dyspeptic oi fei mental diairhea, 
though the extent of lenal imolvement seemed to depend less on the 
vancty of the intestinal affection, and moie on its intensity The piuna 
poisisted m some instances wuthout appaiently mteifeimg with con- 
yalescence, m otheis it yielded to motiopm and m still otheis it de- 
veloped into a senous and fatal complication The infection seemed to 
have its ongm m the intestinal canal fiom whence it leached tire kidney 
eitliei thiough the blood oi lymph streams oi b) r contigmt} r of stiuctuie 
Theie w r as no evidence m oui cases of involvement of methia oi bladder 
or ascending infection 

The autopsies made, though few, indicated cleaily that, although 
the kidneys frequently escape mjtiiy dunng enteritis, they become the 
seat of extensive secondary changes in this as m othei foims of infection 
The renal changes dunng intestinal disease m infants seemed to be 
those of degeneiation, paienchvmatous, hyaline, and fatty of the con- 
voluted tubules, rather than those of focal infection 

In a series of ailments other than intestinal infections, and for the 
most part less acute m cliaiactei, no uunaiy abnonnalties were dis- 
covered 



BEPOBT OF TEN CASES OE EPIDEMIC CEEEBEOSPINAL 
MENINGITIS TEEATED WITH THE ANTIMENIN- 
GITIS SEBUM 
JAMES DUDLEY MORGAN, MD 

AND 

W W WILKINSON, MD 

WASHINGTON, D C 

On Novembei 17, 1907, tlieie was admitted to the Gaifield Memonal 
Hospital a patient with epidemic ceiebiospmal meningitis, who died 
seven days latei The oceiuienee of this case led 11 s to secure Flevnei’s 
antimemngitis seiiun and to use it m the senes piesented m this lepoit 
Casc 1 — Patient — M S, white, female, aged IS, was admitted to the hos- 
pital Nov 25, 1907 

Onset of Piesent Illness — Patient was taken sick November 20 with chill, 
pain in limbs and body, and headache Noyembei 21 Di S Logan Owens saw' 
patient and found liei m a stupor, tenipeiatuie 100, ejes, lungs and heait 
normal, constipated Noyembei 23, loanng m head, pain elneflv confined to 
neck and right knee, y onnting , tenipeiatuie 101, pulse 1 IS Noy ember 24 
patient lestless and noisy, Ivernig’s sign present, taclie cCrCbrale present, 
ngidity of neck 

Physical Examination — On admission to hospital, patient icstless and noisy 
theie was ugulity of neck limbs putially Hexed on abdomen hvpei sensible, 
herpes labiahs slight mucopurulent disehaige fiom eyes and nose, Ixernip s 
sign maiked patellai reflex sluggish, Babmski’s sign absent, taclie cCiebialc 
present Lumbar punctuie performed on Noy cnibei 2G and 15 cc of cloudy 
opalescent fluid obtained Co\ei slips showed numeious polymoi phonucleai leuco 
ewtes a few mononucleai cells and a few Giam negatne diplococci, both extia- 
cellular and uitracellulai Cultures positne, twentv-foui boms latei 

Clinical Com sc — Between Novembei 2G and 20 patient snfleied intensely 
with pain in legs back and neck and had to be kept under eliloial and bromide 
On the 20tli anotliei lumbal puncture was made and 4G c c of fluid withdrawn 
This «is not as cloudy as that of the 2Gth, and the number of leucocytes and 
diplococci was sliglitlv diminished Thirtv cubic centimeters of the antiserum 
was injected tlnough the puncturing needle Foi the next forty -eight boms 
patient was delmous, restless and sufieied a gieat deal with pain Urine and 
feces imolunturv December 1, lumbar punctuie 38 cc fairly clear fluid x\ ltli 
diayyn Coyerslips and cultures negatne for diplocoetus 15 cc of scrum in 
jeeted The right eye became intensely congested on the 20th Lumbar pnne 
tures yyeie made on the 3d 5th 7th nid Oth fiom 3 to 40 < c of fluid witli- 
drayyn, and 15 c c of the antiserum injected at culi puncture The diplococcu* 
ippeared in coy ei slips and culture m the fluid obtained on the 5th ind pro 
urc«siy civ uicieased in number At the supge-tion of Dr Flcxncr two injee 
tions oich of 30 c c of the serum yyere made on the 11th and 12tli Tluid 
yy i tilth iyyn on the 13ili showed no diplococci cultures were ncgitnc ind there 


5 Head lndoie the Medical Society of the Di-trict of Columbi i M sc 20, lops 
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were piaclicnllj no leucocytes Punctures were made on the 10th and 23d and 
continued negatnc 

On December 10 patient doc eloped a parotitis on the left side Following the 
first scrum injection, the teinperatuio ro s o sc\einl dcgiecs and continued nresai 
lar and high (00 to 103 S) until December 10, when it practically reached nor- 
mal and remained so until her discharge from the hospital, Jan 21, 100S 
Patient had a complicated and tedious eoinalescencc On Januarj G an iridec 
tomy yyas perfonned on the right eye to relieyc the tension by Dr W lv Butlei 
Patient had a soyeio aithritis of the light knee, a large bed =ore and a seieie 
cystitis Folloyying the operation on the eye the patient made lapnl progress 
and yyas discharged on Januarj 21, recoycrcd, t he only sequela being the loss 
of the right eje 

Leucocyte Count — On admission, 13,100, it io=c scyenl thousand following 
the sei um injections, and yyas 13,000 on the 27th day of the disease This latter 
count yyas probably influenced by the complicating conditions 

Cvsn 2 — Patient — F L, coloicd male, aged 5 months, admitted to hospital 
Jan 20, 190S 

Onset of Ptcscnt Illness — About foity eight days pieyiouslv child yyas taken 
sick with feyer Thice or four days later became fretful, lolled his ejes about, 
llieie yy is tyyitebing of bands and fingeis and In pcr=ensitn eness About tlie 
second yyeck head became reti acted About the third yyeek patient began to 
yomit for the fust tune, and fiom then on lost flesh lapidlv Bowels y\eie con 
fctipated Child bad a cough Urine scant and sometimes not yoided foi tlnee 
days (?) Patient yyas mitnble and lcstless, piobably bad slight comnlsions 
(The foregoing account from the ignorant mother ) On Januarj* 10 patient 
y\as seen bj T Dr Paul B Johnson, y\bo found “Child moderately emaciated 
abdomen sunken, skin yynnkled and linn, some enlargement of yyrists and 
ankles, anterior fontanelle not closed and bulging — -no pulsation, temperatuie 
100, pulse 135, respiration 1G, lungs and lieait normal, abdomen negatnc 
muscles of back and neck rigid, tenderness along spine, ICermg’s sign absent” 
On. January 14 a lumbar puncture yyas pci formed by Dr Johnson and 10 c c 
of cloudy fluid obtained, shoyying Gram negnine diplococci, intracellular and 
extracellular Januarj* 15 and 1G there yyas marked coryza, yyducli yvas ini 
proaed on the 17tli Patient sent to the hospital on the 20tli 

Physical Examination — On admission to hospital Much emaciated child 
Marked rigidity of neck yvith opisthotonos Babmslo and Kernig sign absent 
Taclie cCrCbrale present Slight cough yvith considerable nasal discharge Gen- 
eral hyperesthesia Heart and lungs normal Temperature 9S 4, pulse 146, 
respiration 20 

Clinical Cowse — Lumbai punctuie pcifoimed January 21 Ty\entj r cc 
of slightly cloudy fluid yyithdrayvn Coverslips shoyved numeious polynuclear 
cells and tyvo oigamsms — a Giam negative diplococcus, extracellular and intra- 
cellular, and a Gram negative bacillus The Diplococcus mtracelhilans and a 
bacillus of the influenza group yvere obtained m cultures, the bacillus groyvmg 
onlj on blood agar media Another puncture tyventy-four hours later gave 54 
c c of fluid, more turbid than before, the same tyvo organisms m largei numbers 
Fifteen cubic centimeters of the antiseium yvas injected Folloyvmg the injec 
lion the temperatuie yvhicli bad nsen to 100 8, dropped to normal, lose to 103 
on the 2Gth, and yvas irregular and apparently unaffected by the subsequent 
injection and punctures On January 24 an attempted puncture yvas unsuccess- 
ful January 29 lumbar punetuie yvas performed Tyventy five cubic centimeters 
turbid, reddish-yellow fluid withdiayvn, shoyvmg a larger number of polynuclear 
cells than before, but both oigamsms bad completely disappeared— none could 
be found m coverslips and all cultures yvere negative Fifteen cubic centimeteis 
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of serum injected This serum Mas given because of the turbid appearance of 
the fluid before baeteriologie examination, and was probably unneeessarv An- 
other puncture was made on February 1, Minch shoMed the same number of 
leucocvtes, but no organisms The child died on February 2, the sixtv second 
day of the disease 

Autopsy — Tins was limited to the brain and slioued a marked In droeeplialus 
and meningeal lesions, principally confined to the base of the brain 

This being a case of chronic hvdiocephalus at the time of admission to the 
hospital, as well as one of mixed infection, it was recognized as unsuitable for the 
seium therapy The serum Mas giyen to observe its action on the organisms, 
and it is of intei est to note that both disappeared from the spinal fluid following 
one injection of 15 cc This Mas fuitlier confirmed at the autopsy, at which 
eovershps and cultures from the brain Mere negative Unfortunately no leuco 
cyte counts M T ere made m this case 

Case 3 — Patient — H G, white, male aged 4 years, admitted to hospital 
Feb 19 1908 

Onset of Piesent Illness — Patient was in peifect health up to Fein uni 13 
when he suddenly stopped playing and lay down His hands became cold and 
he complained of headache and pam along his spine Hock muscles became 
ngid and head retracted Ho -vomiting oi convulsions Pupils unequal the 
right dilated, the left contracted Stiabismus, herpes labialis, involuntary urina- 
tion and Kermg s sign present, Babmski s sign not present Patient veiv rest 
less, conscious at all times Febiuarv 16 sent bv Dr Pamsburg to Childrens 
Hospital, wdiere a lumbar puncture was perfoimed on tlie 18th Tvventv cubic 
centimeters of turbid fluid obtained which showed numerous poll nuclear cells 
and Gram negative diplococei, extracellular and intracellular Fifteen cubic 
centimeters of serum injected Following the injection of the serum patient 
showed marked improvement Transferred to the Garfield Hospital February 19 

Physical Examination — On admission to hospital Muscles of body i igid and 
head letracted Strabismus, pupils unequal herpes labialis, imoluntarv urina- 
tion Ivernig-s sign present Babmski s absent Patient talked mtelligenth 
Temperature 101 pulse 12S, respnations 32 

Clinical Course — On February 21 a lumbar punctuie was unsuccessful On 
the 25tli, the retraction of the head becoming greater, associated with a rise m 
temperature to 103 2 pam and lestlessness, a lumbar puncture was performed 
15 c c of cloudy opalescent fluid withdrawn Coverslips showed numerous poly- 
nuclear cells and a few Gram negative diplococei, extracellular and mtracellulai 
Cultuies were negatrve Fifteen cubic centimeters of the c erum was injected 
Temperature fell to normal on the morning of the 27tli Meningeal symptoms 
disappeared within twenty-four hours after the injection, and patient made a 
lapid Teco-verv, being discharged from the hospital March 0, 190S, without 
sequela; Ho leucocyte counts were made m this case 

Case 4 — Patient — M H, white, female, aged G, admitted to hospital March 
13, 190S 

Onset of Present Illness — Had measles and scarlet fever eighteen months ago 
Mental condition not good following these diseases Taken sick March 10 at 10 
p m with headache and vomiting Had the convulsions during the night 
Seen bv Dr Owens at 5 a m March 11 Temperature 101 G with corresponding 
pul«e and respiration slight strabismus and general hyperesthesia, urine 
scanty and cloudy constipated On consultation later m the dav with Dr 
Owens a tentative diagnosis of epidemic meningitis was agreed on and removal 
to the Garfield Hospital advised Patient did not reach the hospital until S 30 
p m March 13 

Physical Examination — On admission to hospital patient =tm comato-r and 
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extiemely scnsitne to touch and noise and Koimg’s sign picsent, Babmshi's 
sign .ihbint patellai leflcx abolished r Iaihe cfifhialo, stiabiMnus, c.uphalogia, 
ligiditx of neck, sliglit ictiaclion of head Tempeiatmc, 102 4 (lectal), pulse, 
112 respirations, 30 

Cluneal Coin sc — Lumbar puncture perfoimcd at 11 p m , March 13 Thirty 
ee of tinbid op ties cent fluid withdrawn undci model ale pressuie Coieishps 
showed nuineioiis poljmuleai cells and ntimeious Gram negatne diplococci, 
intracellular and extracellular Fifteen < c of the serum injected The diplo 
coccus positne in cultures This child, bailing an unfortunate deafness, which 
still exists, made a lapid lecoien and left the hospital Mnicli 20 The tempera 
tine and meningeal sMiiptoms i cached normal and almost entirely disappeared 
b\ the seienth da\ aftn the seium injection Uiic probable cause of the deaf 
ness was a paiahsis of the nudiloiy nent Hie only time she complained of 
Jin in in the cais was on Mnicli 20 at (! p in , when tlicie was pain in the right 
eai for a shoit while, hut In midnight she was asleep without naicotics and she 
had no recuirence of pain m oitliei ear subsequently 

Leucocyte Count — Nine houis after admission, 30S00, thiee days later, 
IS, 400 <u\ thus later, 1.3 200 

Casi 3 — Patient — T O, coloied, male, aged 23 wall scraper, admitted to 
hospital March 22, 100S 

Onset of Picsent Illness — Beiond the fact that he had been “sick” foi 
about a week before admission no history could be obtained 

Physical Examination — On admission to hospital Temperature, 101, pulse, 
04 lespiration, 10 Patient answered questions intelligently , pupils normal, 
no stiabismus, Kcinigs sign picsent, Babinski s sign absent, patellar reflex 
abolished cemcal muscles ngicl, no retraction of head, consolidation of upper 
lobe of left lung fiequent cough and blood tinged sputum (the latter showed 
pneumococci but no tubeicle bacilli) 

Clinical Coinsc — Lumbar puncture was pcrfoimed at 1 p in Maicli 23 
Thirty ce of yellowish-white tin lad fluid obtained under model ate piessure 
Coiei slips showed abundant pohnucloni colls and numcious Gram negative 
diplococci, mtiacellulai and exti acellular Fifteen cc of the serum immediately 
injected Diplococcus m cultuies Maich 23, muscular ngiditi entirely disap 
peaicd Good cercbiation Pulse poor quality The tempeiatme was but little 
affected by the seium injection, pin siting an iricgulai course until April 3, 
wdien fiom 101 it giadually fell to noimal, reaching the latter on April 15 
Maich 2S it lose to 102 S, with an increased leucocyte count Lumbal puncture 
was again made on the 20tli, 2 cc of cleai fluid obtained, containing a few 
polynuclear leucocytes, but no diplococci Fne cc of the seium was injected 
There was progressne nnpi oiement m symptoms followung this last puncture 
and injection The patient, lioweier, had peisistent and at times very severe 
headache, which did not disappeai until Apnl 14 He was also mational during 
this period, singing a laige pait of the time On Apnl 23 he was transferred 
to the Washington Asylum Hospital m oidei that he might fully convalesce At 
this time his tempeiature had been noimal ten days and he had been sitting up 
m a chair foi three or four days 1 

Leucocyte Count — Before the seium injection, 19,200, two days after the 
injection fell to 10,400, four days later rose to 21,200 (punctuie and injection 
of the 5 c c ) Following this it fell to 13,200 twenty-four hours later and went 
progiessively down thereafter 

The last injection of 5 c c was piobably unnecessaiy 

1 This patient reported to us tw'o months aftei discharge from hospital en- 
tirely lecovered 
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Case G — Patient — J J, coloied, male, aged 1G, daily hand, admitted to hos- 
pital March 25, 190S 

Onset of Picsent Illness — Thirty one days ago, after drinking considerable 
cieam and milk, patient v minted and w out to bed No headache until two weeks 
ago and at this time had pam m back of neck and was sensitise to touch Im- 
possible to obtain any furtliei history 

Physical Examination — At hospital Maicli 27 Head maikedly retracted, 
extieme opisthotonos, lesponds intelligently to questions, but when left alone 
mutters a gieat deal, slight cough, no evpectoiation , Kemigs sign piesent, 
Babmski’s absent, I 13 persensitn e, chest negative Tempeiatuie, 103, pulse, 
104, respiration, 28 

Cluneal Couise — Lumbar puncture was peifoimed at 1 p m Mai eh 20 
Tlmty-five cc of slightly cloudy opalescent fluid obtained undei moderate 
pressure Coiei slips showed numeious polynueleai cells and Gram negative 
bacilli with the moiphology of the influenza bacillus (The Dtplococcns villa- 
cellulaiis was not obseived at the time, though prolonged and careful search 
was made foi the oiganism, seveial pans were found latei ) Cultures weie 
negatne for the bacillus (plain as well as hemoglobin media), but gaie seieial 
colonies of the diplococcus Maicli 28 pupils dilated and sluggish to light, con- 
dition othenvise the same March 29, lumbai punctuie again peiformed and 15 
c c of the antiseium injected The fluid obtained (12 ec ) was moie turbid than 
befoie, contained moie polynueleai leucocytes, showed numeious diploeocci and 
bacilli 

Following the seium injection the tempeiatuie diopped to nonnal within 
twentv-foui hours lose to 101 4 the second day and fell to normal on the fifth 
day, wheie it lemained until discliaiged April 14 The letiaction and opisthot- 
onos entnely disappeaied by the fifth day following the seium injection, 
though there was slight rigidity of the neck Patient made an uneientful re- 
coveiy and left the hospital without any sequela; This case is interesting m 
seveial lespects First the duration of the disease befoie the seium was injected, 
thntvfoui days, second, the lapid recoveiy and favorable effect of the scrum 
injection on the extieme rctiaction and opisthotonos and thud the presence of 
a Giam negatne bacillus m the spinal fluid in conjunction with the diplococcus 
Ho punctuies weie made subsequent to the one injection of 15 cc of the serum 

Leucocyte Count — On admission 12,100, thice dajs aftei serum injection, 
13 000 

Case 7 — Patient — W B coloied, male, aged 39, baiber admitted to hos- 
pital Apnl 24 190S 

Onset of Picsent Illness — The only history obtainable was that three dajs 
befoie admission to hospital patient was suddenly taken sick with chill fevci 
headache and cough (It was latei learned that he had a bad alcoholic Instoiv ) 

Physical Examination — On admission to hospital patient stuporous Bigidity 
of neck Kemigs sign maiked Babmski s sign absent patellar leilex c\ ig- 
gerated chest and abdomen noimal, temperatuie, 102 4 pulse, 90 respira- 
tions 24 

Clinical Couise — A lumbar punctuie was performed at 2 p m April 25 
Seventy c c of tmbid white fluid obtained under consideiable pressure Cover- 
slips showed a few* Giam negatne diploeocci pnneipalh mtiacellular rntcen 
cc of seium injected Tempeiatuie fell to noimal the nr\t morning ind io-.« 
to 101 G the morning of the 27th April 27 patient answered quc-tions mtolli 
genth Patellar reflex absent Pupils normal Bmiditi oi nick still m irked 
Xo headache Kemigs sign present April 2^ patient weaker «emi -luporous 
puLe lapid and only fair in qualitv pupils normal Kcrnig s sign and rigidifv 
oi neck nnchaiuied At S p m lumbar puncture made and 3 5 c c oi turbid 
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yellowish while fluid obtained (The needle probnblv was obstructed at this 
punctilio ) Fifteen cc of seium injected Covcislips showed verj numeiou-) 
oiganisms and a luxmmnt giowlli was obtained m cultures 

Apul 30, neck vei y rigid and e\tienie pun on movement of bend, patient 
stupoious, inuscul ir twitclungs and delirium, linoluntaii movements of bowels 
and ui illation Patient inipioied in the evening and slept well during the night 
Ma^s 1, mental condition slightl\ improved, ngiditv still marked, Kernig’s 
sign more pronounced, pupils icspondcd but slightly to light It was decided to 
inject two 30 cc doses of the seitini on successive dais ns was done in Case 1 
This was done on Mu 1 and 2, and the same result obtained — the organism en 
til civ disappearing fiom the spinal fluid, both in covorflips and cultures, as 
detei mined bv a punctilio on Mai 0 The cluneal condition however, did not 
improve, in fact, giew worse On May 3 the patient developed a pneumonia, 
died on Mnv It Following the serum injection of 30 cc on Mnj 2 there was a 
slight linpiovemcnt m the clinical svmptoms, which then grew woise A lumbai 
puncture on Mav 0 gave a negative fluid, but 13 c e of the serum weic injected 
Another puncture on Mnv 14 was also negative no leueoevtes even being found 
Autopsy — Acute cerebrospinal leptomeningitis small tumor in floor of left 
lateral ventricle in proximity to island of Roil, hypostatic pneumonia, fatty 
degeneration of mvocaidium , dilatation of henrt, alhcioma of aorta, fatty 
degeneration of liver and kidnevs 

Leucocyte Count — On admission 22,000, fell to IS, 100 two davs after first 
serum injection, then rose to 24 000 Unaffected by the two 30 c c injections 
On May 3 (development of the pneumonia) rose to 40,000 Fell to 17 700 May 
0, lose to 31,200 on Maj S, and then fell to 17,200 May 12 

Considering the evidences of toxemia shown at the autopsy, it is possible 
that if larger doses of the serum had been administered in the beginning the 
patient might have recoveied, and we feel that this should have been done 

Case S — Patient — E FT, colored, male, aged 3, admitted to hospital May 
14, 190S 

Onset of Present Illness — Patient taken sick Mnv 7 with fever and general 
muscular pain May 11 there was slight stiffness of neck and partial Kernig’s 
sign, mind clear Maj 7 13, patient seen m consultation with Di Owens At 
this time there was retraction of the head and Kernig’s sign was positive 
Patient admitted to the hospital 3pm, Jlav 14 

Physical Examination — On admission Rational, head retracted, very rest- 
less, seemed to be m a great deal of pain Kemig’s sign only slight Tem- 
perature 99 4, pulse 120, respirations 40 Patellar reflex normal Babinski’s 
sign absent 

Clinical Course — Lumbai punctuie made at 9 p m, May 14 Fifty cc 
opalescent fluid obtained under model ate piessure Covei slips showed Gram 
negative diplocoeci, chiefly intracellular Fifteen c c of serum injected May 16, 
child brighter and took nourishment well Retraction of neck slightly improved, 
other meningeal symptoms about the same Lumbar punctuie at 3 p m One 
c c of fluid obtained which was quite clear Coverslips showed a few polynuclear 
cells, for the most part degeneiated A few faintlv stained diplocoeci were 
found Cultures negative No additional serum given May 17, pupils normal 
and lespond to light, no retraction of head, and postcervical rigidity less marked 
Child perfectly rational Keinig’s sign very slightly positive May 19, Kernig’s 
sign absent Child fretful, wanted to go home Patient discharged May 25 
recov ered 

Leucocyte Count — On admission was 30,800, twelve hours later 30,100, May 
18, 17,100, and May 19, 12,800 
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Case 9 — Patient — T L, white, male, aged 17, patient of Di A W Boswell, 
admitted to Gai field Hospital Feb 27, 1908 

Onset of Present Illness — Patient taken sick February 22 with chill, vomiting, 
intense pam in back of head, general musculai soreness, when seen by Dr Boswell 
in the morning At S p m had a convulsion and became unconscious, had 
petechial lasli, conjunctiva; injected, was lestless Pupils noimal Intense pam 
m back of head and near McBumey’s point Tempeiatuie 1,02, pulse 106, res- 
pnations 20 Febiuary 23, conditions about the same Suppression of mine for 
tu r enty-four hours Febiuary 27, case seen with Dr George N Acker and Di 
Davidson m consultation, showing the following condition 

Physical Examination — Headache, pam m back and limbs, retraction of 
head, rigidity of spine, restless, delmous, lieipes, localized abdominal pam, 
Iveinig’s sign present, Babmslu’s sign absent, patellar leflex absent Patient 
transferred to the Gai field Hospital, wdiere on admission his temperature was 

101 8, pulse 94, respirations 24 

Clinical Coin sc — Lumbar punctures at 6 p m and at noon February 28 
were unsuccessful At 9 30 p m February 2S lumbar puncture gave 60 c c 
of slightly turbid opalescent fluid Coverslips showed numerous polynucleai cells, 
but no organisms could be found Cultures were negative Another puncture on 
March 1, at which 30 cc of fluid weie obtained, gave a negative lesult for organ- 
isms Under the idea that the serum could not be given until the oiganism was 
found, this patient did not receive the serum until March 6, on which date a 
puncture show r ed the diplococcus m coverslips He was given 25 c c This case 
was a veiy severe and protracted one, and for the sake of bievity only the general 
features will he given The serum injection was not given until the fourteenth 
day of the disease, and m all 142 5 e c were given Twelve lumbar punctures 
were made Patient recovered without sequela; on the thirty-fifth day The 
temperature ran an irregular course until the twenty-fourth day, varying between 

102 and 98, seemed unaffected by the serum injections However, patient devel- 
oped a parotitis, which went on to suppuration, and this may have been respon- 
sible for the elevation after March 9 The clinical symptoms were most severe 
Patient comatose for days, very restless and had to be placed under a restraining 
sheet for about two weeks The serum injections seemed to modify the clinical 
condition but little The heart became very weak, would be cyanosed for several 
days at a time, and active stimulation had to be lesorted to Twenty four hours 
afterward the tempeiature fell to normal (the twenty-fifth day) clinical improve- 
ment was noted — rigidity of neck became less and patient became lational From 
this time on he made a steady improvement and was dischaiged fiom the hospital 
March 27, recovered The spinal fluid March 7 ( twenty-four hours after the admin- 
istration of the first serum) showed diminution in the number of organisms, 
March 8, still further reduced, and March 9, no organisms found March 11, sev- 
eral pairs of exti acellular diplococci found Three subsequent punctures were 
made and 45 c c of serum given, principally because of the clinical symptoms, 
these measures possibly were unnecessary 

Leucocyte Count — On admission 18,200, twenty-four houis after the first 
serum injection 21,900, twenty-four hours later, 13,400 The next day (March 9) 
rose to 20,800 coincident with the development of a parotitis ( right ) , reached 
36,200 five days later, when incision and drainage of the gland brought it down 
to 13,500 five days later 

Case 10 — Patient — White, male, aged 23, real estate broker Admitted 
to the George Washington University Hospital March 16, 1908, patient of Dr 
Arthur Hooe 

Onset of Present Illness — Began March 15, with a well marked chill, fol- 
lowed by fever and intense headache, which persisted throughout the day and 
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night Put ion l /list scon moining of lflth In I)i Hone, who found him dull, talk 
nig excitedly when aioiiM'd Intense he.uhn he and pnni in postenoi cervical 
legion Tempeiatuie 102, pulse 00, regulations 21 Pupils lionnal, pliotopholna 
During the din lie became delmous and comatose foit\ eight limns latei Taken 
to the Gem ge Washington Unnersitc Hospital 10 '10 p m Mnith 10 

Fit it Physical Eraminahon — Mimh 17 In Di T A Clnytoi m consultation 
Patient sennconseions , kneejeiks noiinal Dahinski’s sign unsatisfactor\ , Ker- 
nig’s sign nuukedh piesent in both limbs, inspiration nicgiilai pupils coiitiacled 
and (‘qual, no heipes neck still, head not ret i acted, superficial iefle\es present 

Second Physical Era m mat ion — Alnith 3 3 10 a m . bv Dr Claitor Kermg’s 
sign still piesent coma absolute, pupils equal and contracted, eonjunctnal reflex 
present, no heipes oi eiuption, abdonunal iclle\es absent, eiemasteric reflex 
absent 

Clinical Coin sc — Maich IS Patient iestle«s nnd delmous Knee jerks 

decreased Lumbu punctuie nt 10 37 a m Sixty ce of fluid oh 

tamed under considciable piessuie 11ns was quite tm bid and shoved 
a heini sediment of thick pus Giam negatiw diplocoui weie found in co\er- 
slips both mtiacellulai nnd ext nitellulai the lattei more numeious Tim tv 
ee of seium injected at 12 47 p m hollowing the uithdinval of the fluid, 
patient became icn nctne and w.is loslmmcd with diflicultx Pulse lose to ISO 
and chopped to 10S In 8 p m At 10 p in tempeiatuie lose to 102 4, respna 
tions to 32 Examination showed a consolidation of both lungs Maich 10 
Luxiiiinnt growth of diploeoceus m cultiue fiom fluid of ISlli Rcspnations 
laboied, sweating piofuseh , patient cy inosod, pulse 340 nt 10 47 a m , and 
weak Patient took noui ishnient well Lunih.n puncture at 12 10 p m Fifteen 
cc of fluid obtained tindei yen little piessuie Pus much diminished only a 
thin gianulai layci at bottom of flask Co\ei slips showed icn few organisms, 
these wcie chiefly mtiacellulai and stained pooih Dec eloped some distention of 
the abdomen dining the afternoon Cultines negntne fiom fluid twenty-fom 
hours latei ]\farch 20 distention of abdomen mci eased and uni obeyed by 
enemata Clinical condition as icgaids meningeal symptoms impioccd Maich 
21, patient lestless and sufleiing gicat pain fiom abdominal distention, iational 
At 11 a in lapaiotomy w is peifoimed by Di William P Cair and intestine 
punctmed to lelieie distention Patient leaded fiom opciation but the disten 
tion was unielieved and lie died on Much 22 at 4 a m 

While this w’as a seieie case, the linpioyement in the meningeal symptoms and 
the spinal fluid was so maiked following the seiuin injections that tlieie seemed 
eveiv leason to expect the iccoyeiy of the patient, despite a complicating pneu- 
monia, had not the intestinal pai ilysis supenened Cultines fiom the pentonenl 
cayity at Hie opeiation weie negatne foi the diploeoceus 

Leucocyte Count — On the thud day, 1S,400, on the fouitli bcfoie the sernm 
injection, 15,800, on the fifth tyventy foui liouis aftei the injection, 13,900, on 
the sixth, aftei the second injection of 15 cc, 11 300 In this case the count 
dropped befoie the seium injection, lienee no conclusions can be diawn as legaids 
any effect of the seium It did not use uth the pneumonia 

In the ten cases leported, seven patients have lecoveiecl, and thiee 
died, giving a mentality of 30 pei cent Onnttmg Case 2, which was 
hopeless befoie the seium was administered, we liaxe a moitality^ of 22 2 
pei cent The epidemic m the Distnct of Columbia, 1S9S-9, 110 cases, 
gave a moitality of 81 9S pei cent The lepoits of numeious obseiveis 
m the past place the moitality of this disease fiom 66 to S5 pei cent 
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befoie the use of the seium Up to July 25, 1908, Flexner and Joblmg 2 
lepoit 393 patients tieated with the serum, of whom 295 lecoveied and 
98 died — a moitality of 25 per cent 

The seventy of the infection and clinical eouise of oui cases has 
been quite megulai On the whole it may be stated that the serum- 
mjections have been followed by maiked nnpiovement m the meningeal 
symptoms, fall m the tempeiatuie, and shoitenmg of the eouise of the 
disease Only two of the patients had any sequelae one lost an eye, and 
anotliei had deafness m both eais Table 1 shows the latio of twelve 
cliaiacteristic clinical signs foi the ten cases 


Table 1 

TEX CASES OF EPIDEMIC CEREBROSPINAL MENINGITIS 
BATIO OF CHARACTERISTIC CJIXICAL SIGNS 



Cases 

Sadden 

Onset 

Headache 

Hyperes- 

thesia 

Rigidity 
of Neck 

Retraction 
of Neck 

Kermg’s 

Sign 

Babinskx’s 

Sign 

Absence of 

Patellar 

Reflex 

Opis- 

thotonos 

73 

© J-5 

fCJvO) 

o ^ 

4-5 si) 

HO 

Alfection 
of Ejes 

Herpes 

Labialis 

Total No 
of Signs 

M S 

1 

+ 

+ 

+ 

+ 

+ 

4 

l 


4* 

— 

4* 

4* 

4 

10 

F L 

2 

+ 

— 

+ 

+ 

+ 

— 

! — 

— 

1 + 

+ 

+ 

_ i 

7 

H G 

3 

+ 

+ 

— 

— 

+ 

+ 

— 

— 

B 

— 

+ 

+ 

6 

M H 

4 

+ 

+ 

+ 

— 

+ 

+ 

— 

+ 

Is 

+ 

+ 

— 

8 

J 0 

5 

7 

+ 


+ 


+ 

— 

+ 

1 

d 

1 

4- 

5 

J J 

6 

+ 

+ 

+ 


+ 

+ 

— 

B 

+ 

B 

B 

■ 

6 

W B 

7 

+ 

+ 

+ 

+ 

— 

+ 

— 

I 

Eg 

IS 

m 

m 

5 

E N 

8 

+ 

— 

+ 

+ 

+ 

+ 

— 

wJ 

I 

+ 

iiS 

+ 

7 

T L 

9 

+ 

4“ 

Eg 

K'4 

+ 

+ 

— 

+ 

m 

1 

+ 

+ 

7 

C W 

10 

+ 

+ 

B 

+ 

B 

+ 

— 

B 

B 

B 

B 

— 

4 

Ratio of Cases 
to Posit i v e 
Signs 

9 

8 

6 

6 

i 

9 

0 

4 

2 

4 

5 

5 



A tabulated summary of the ten cases, with especial refeience to the 
seium treatment and bactenologic woik is given m Table 2 

The eailiest day of the disease on which the serum was injected was 
the fourth, the latest, the foity -ninth In six cases injections were be- 
tween the seventh and thnty-fouitli day, all patients lecovermg 

2 Flexnor, Simon, and Joblmg, James W An Analysis of Foui Hundied 
Cases of Epidemic Meningitis Tieated with Antimeningitis Serum, Jour Am 
Med Assn, July 25, 190S, Ii, 271 
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This patient lias since recovered perfectly 
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Obseivation of tlie duration of tlie cases, fiom the first serum-injec- 
tion to discharge fiom the hospital, is as follows 


Case 

Dui ation 

Outcome 

1 

52 days 

Recovery 

2 

13 days 

Death 

3 

14 days 

Recovery 

4 

15 days 

Recovei y 

5 

32 days 

Recovery 

6 

15 days 

Recovery 

7 

21 days 

Death 

8 

11 days 

Recovery 

9 

21 days 

Recovery 

10 

4 days 

Death 


The laigest dose administered at any one time was 30 c c , the small- 
est, 5 c c In five instances moie seium was injected than fluid with- 
drawn from the spinal canal All injections have been made into the 
spinal canal Hone of the cases were injected as early in the disease as 
they probably should have been, and this may have influenced the neces- 
sity for the various larger closes which had to be employed 

Observation as to the amount of serum injected before the diplococcus 
disappeared fiom the spinal fluid, both m eoverslips and cultures, shows 


No 

Cases 

Amount 

No Injections 

Outcome 

5 


15 

cc 

1 

1 death 

1 

Oigamsm reappeared 

30 

c c 

1 




75 

c c 

7 

Recovery 

1 


30 

c c 

2 

Recovery 

1 


45 

c c 

2 

Death 

1 


90 

c c 

4 

Death 

1 


97 5 

c c 

5 

Recovery 


The Diplococcus %nti acellulans was found m coverslip preparations 
m all the cases, m culture m seven of the cases Two (2 and 6) weie 
cases of mixed infection, one with a bacillus of the influenza group, and 
the other with a giam negative bacillus which did not grow on artificial 
media and could not be identified It is of interest to note that the 
bacillus disappeared m Case 2 following the serum-mjection, and prob- 
ably also m Case 6 

Observations were made, before and after the serum-mjections, on 
the influence of the serum on the number, appearance and growing prop- 
erties of the diplococcus to phagocytosis, on the appearance of the leuco- 
cytes, and the influence of the serum on the number of leucocytes per 
cm m the circulating blood, and also coincident^ the number m the 
spinal fluid 
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JNILUENCE 01 Till SERUM ON THE NUMBER, Al’l’E VR VNCE ANI) GR01MNG 

PROPERTIES OP THE DII’EOCOCCUS 

In two of flic case 5 ; no lumbai punctuies weie made subsequent to the 
injection^ r riieie aie theiefoic onh S eases to be consideicd 

Numbci — In tlnee none weie iound, m join tbe\ weie much dimin- 
ished, m one theic was oonsideiablc innea c e fne day s aftei one infection 
of 13 cc They disapcaied m two dais with two injections of 30 cc 
each 

Appcauuuc — Befoie infection all cases showed good staining piop- 
oi ties Aftei injection, m tlnee eases ( w Inch at the piinctuie gave nega- 
ti\e cultuies) it was pooi m one case, Ian , m four cases none weie 
seen 

Giomiifj Piopcitic s — Tn tlnee eases the diplococcus nevei giew leav- 
ing onh five cases foi obscivation In two of these it failed to glow fol- 
lowing one 13 c c injection, m two eases following one 30 c c injection 
In one of these it lcappeaied and theie weie leqnned 73 cc in seven 
injections befoie the cultuies became negatne In one case it lequned 60 
c e m tlnee injections beioie negatne cultuies weie obtained 

RELATION or THE DIPLOCOCCUS TO PHAGOCYTOSIS 

In five cases theie was no change, m two cases phagocytosis was 
much mcieased, in one case it was mdeteinnnable, owing to disintegra- 
tion of leucocytes Ho subsequent punctuies weie made m two cases 

APPEAR VNCE OF THE LEUCOCYTES IN THE SPINAL TLUID 

All cases showed good staining befoie injections In two cases theie 
w r eie no subsequent punctuies Tlnee cases weie not changed by the in- 
jections Five cases show r ed degeneiative changes, fiom a granulai ap- 
jieaiance to complete dismtegiation 

LEUCOCYTE COUNT 

The counts befoie the injections langed fiom 11,S00 to 30,800 In 
tw r o of the cases, unfortunately, no counts weie made Following the in- 
jections the counts lose m three cases One lemamed high and was 
piobablv kept up by complications, one had no complications, one rose, 
later fell considerably, then rose with a complicating pai otitis and fell 
on incision of gland 

The count fell m five cases, m two, it fell progi essively , m one it lose 
again and then piogressively fell, m one, rose again with a complicating 
pneumonia, and then piogressively fell m one, it fell before injections 
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RELATION OF TIIE LEUCOCYTE COUNT TO THE NUMBER OF LEUCOCYTES IN 

TIIE SPINAL FLUID 

Tins obsei nation could be made m only seven of flic cases, and tlie 
data available m these veie too meagei to be of any value In five of the 
seven theie vas a use m tlie count coincident with a decrease of cells m 
the spinal fluid, 01 vice veisa In the othei tvo theie was a fall with a 
deciease 

SUMMARY 

1 In ten cases of epidemic ceiebiospmal meningitis tieated vitli 
the antimenmgitis seium, seven patients lecoieied, and thiee died, giv- 
ing a moitality of 30 pei cent Omitting one oi the cases, vhich vas one 
of chionic hidiocephalus, nc have a moitality of 22 2 pei cent 

2 Following the seium-mjeetions theie v as usually concideiable 
nnpiovement m the clinical symptoms 

3 The couise of the disease was consideiably modified, an aveiage 
of twenty -tlnee days foi all seven, and in five of the cases, fifteen da)S 

4 Only tv o patients ulio lecoveied sulfeied fiom sequela? 

5 The seium caused a maiked diminution m the liumbei of chplo- 
cocci m the spinal fluid, a disappeaiance oi degeneiation of the oigan- 
ism m eoveislips, and m the majonty of cases its giouth vas piompth 
inhibited 

6 Phagocytosis was eithei unchanged or mci eased 

7 In five out of eight cases the leucocytes showed degeneiatne 
changes following the seimn injections This explains the lapicl cleaimg 
of the fluid obseived follovung the injections 

8 The leucocyte count lose m thiee cases, m all of which the 
patients lecoveied It fell m five cases, m two of which the patients 
died 

9 The disappeaiance of the bacillus m Case 2 , and piobable disap- 
peaiance of that m Case 6, suggests the use of an mdiffeient seium m 
influenza meningitis 

We wish to thank Doctois Bosvell, Hooe, Ovens, Cook, E W Balcei 
Paul Johnson^ Claytoi, Ackei and Giooiei, foi then couitesies m con- 
sultation and association m the vanous cases 

Gai field IMemonal Hospital 
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.Since tlu* beginning of modem bactenolog}, mail} obseners have 
behe\od that acute aiiieulai lhemnatism belonged to the infectious dis- 
ease- Its toui-e, fiequenth beginning with soie tlnoat and icimmatmg 
in a ielnti\el> shoil time, its appeal ancc m epidemics and the occasional 
infection of an attendant, the *imilaril\ of the pathologic change* to those 
occui i mg m disea=es known to be contagious and infectious, stimulated 
bactenologi-ts to seaicli for the infectious agent All types of bacteria 
uoic isolated fiom lheumatic cases, bacilli and cocci, aeiobic and 
anaeiobic each woikei had his own specific oiganism The diveisity 
ot findimrs led to the conclusion that various oiganisms might pioduce 
identical sunptom- and pathologic changes, just as pneumonia might 
be piodueed b\ a \ai ich ot bacteria The occui lence of aiticulai changes, 
snnilai to tho^e ol iheuinati«m. m pneumonia scailct fe\ei and othei 
mledious diseases made this assumption the moie jilausible The new 
that acute aiticulai lhcuniatism may be caused b} an infection hi vanous 
oiganisms — staphylococci stieptococci, pneumococci and otlicis — 01 by 
a mixed infection is still held In a laigc numbei of clinicians and 
bacteriologists 

Of those vdio believe that lheumatism is piodueed by a single specific 
paiasite, theie aie thiee classes 1, Achalme and Ins followed s, notably 
Tlinoloix 2, Tnboulet and Apeit, Wostphal, Wasseimann and Malkoff, 
and then laige school m Geimany and England — of the lattei especially 
Poynton and Paine, and 3, those who do not believe that the organism 
has been found 

vciialme's anaerobic bacillus 

Achalme, m 1S91, at the autopsy of a man wdio had died on the fouith 
day of an acute articulai lheumatism with cerebral manifestations, dis- 
coveied and grew' m puie culture an anaeiobic bacillus It is a large 
oiganisin, which m human tissues, oi vdien on media piepaied fiom 
human blood or urine, resembles the bacillus of antlnax, at times it is 
almost filamentous It is not motile oi veiy feebly so, stains by Gram's 

“Fiom tlie Dane Billings’ fellowship in medicine. Rush Medical College, in 
affiliation with the University of Chicago 
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method and -with difficulty may be made to pioduce spoies In 1897 
Aehalme reported a second autopsy v ith similai findings m the mteival 
he had fonnd the same oigamsm m six living patients, fom times m 
pine culture Tlnroloix had also found the anaeiobie bacillus m nine 
cases of rheumatism, and otliei Fiencli and Italian observeis a few times 
In both of Aclialme's autopsies, the bacillus was piesent m enoimous 
numbeis m the heait’s blood and pci lcai dial fluid, m smallei numbeis 
but also abundantly, m the ceiebiospmal fluid, m the myocaidium and 
diseased hcait valves 

Inoculation of 1 c c of a bouillon eulluie in gumea-pigs pioduced 
death by r septicemia m ten houis without local lesions It lesulted m 
vasodilatation, widespread thiomboses necioses, and the appeal ance of 
many mast cells at the site of inoculation Tlnroloix pioduced lesions 
m labbits lesemblmg those of lheumatism endocaiditis, pencarditis and 
pleunsy 

Theic is little giound foi belief in the specificity of Achalme’s bacillus, 
01 at any rate foi an assumption that it plays a iole m many cases of 
lheumatism Duimg the last ten yeais an enonnous amount of time has 
been given to the study of the baetenology of the disease, and not moie 
than eight oi ten observeis have found the oigamsm, even those m a 
\eiy limited number of cases In the second place, the lesults of inocula- 
tion aie most unsatisf acton The general manifestations m animals have 
not resembled those of lheumatism m the human being As a lule, the 
animals have died witlim a tew houis Endocaiditis, pencaiditis and 
pleurisy have been pioduced m animals by the inoculation of piaeticalh 
all of the known pathogenic bacteria — stieptococcus, staphylococcus 
pneumococcus, tubeicle bacillus, etc , and then occunence here does not 
make the specificity of the bacillus more probable Recently Aehalme has 
stated that Ins bacillus is identical until the Bacillus aeiogcncs capsulatus 
of Welch and hfuttall He still believes it lesponsible foi some, but not 
all cases of lheumatism 

THE STREPTOCOCCUS OF PRJBOULET AXD APERT 

Tiiboulet and Apeit, m 1898 pioduced initial disease m a labbit by 
the injection of stieptoeocci obtained fiom a patient with rheumatism 

In 1899, Westphal, Wa«seimann and Malkoif isolated a streptococcus 
f lom a fatal case of ehoiea, following lheumatism, which they believed 
to be specific The organism was found m pure culture m the heart's 
blood and the diseased valves Streptococci had been previously found 
and described as occurring m ulcerative endocarditis consequent upon 
rheumatism Yon Leyden m 1894 and Michaelis and Klempeiei m 
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the follow ing real had noted ‘-mnlai (li=eovmc« hut behe\ed the oigan- 
mm to l)e one oi a mnnbei winch could gi\e n^e to such pathologic 
change 1 ' Kleb- m lS7o, Kiaime m 1 S8 1 and Mantle m 3SS7 had de- 
"tnbed the finding of ‘dicptoeoui in the ioint fluid- m iheunialism 
Wc«lplml Wa«eimnnn and Malkoli found m addition that then oigan- 
ism when gioun in puie cultuie. could piodme m lablnt- changes 
clo^el} lesembling tho^e ol llicumatmm Jn thiee to ten da\ c - following 
Hie injection of the oigamsm into the pentoneum, the -joints became 
swollen and tendci the tempeiaiuie io=e «-c\eial degiee- tlieie was no 
mppuiation and the di=ea«e usualh teinnnated m iccoren The\ de- 
«cnbed the oigani=m as a -tieptodiplor ocui« appealing in pans and in 
shoit chain 0 and as lequuing foi its giowfh a high degiee of alknhnih 
and a large amount of peptone in the cultuie media This disco\er\ 
ga\e i new impetus io the bactei loloirie «tud\ of the disease Since 1S09 
a lio^t of imestigatois hare gnen then attention to iheumatism Po\n- 
t on and Pa} ne of Ixuidon began then stud} helicwing that the\ might 
leach the conclusions ot Achalme and Thnoloix in a shoit time ther 
weie lollowcis ot the otliei school Jhnnion and Paine, Beailie, Shaw, 
Beaton and Walkei, and mail} otheis in England hate become com meed 
of the specificih of the oigamsm Unloi tunaleh, most of then cultuies 
hate been dented fiom the cadatei Since the ie=eaiches ot Elexnei on 
teiminal infections, it is well known that vanon= oiganisms piolifeiate 
fieel} m the human bodt and appeal in the cnculatmg blood befoie 
death, so that it is possible that the oigamsm found m the lieaits blood 
mat hate been the oidinaiv 67 / eptococcns pgoycncs The English 
obseiteis hate pioduced in labbits piacticallt all the sjmploms and 
complications of iheumatism^ as found m the human being joint in- 
volvements, endocaiditis, pencaiditis, plennsy and pentomtis In at 
least tlnee instances they (Poynton and Paine, Beaton and “Walkei, and 
Beattie) asseit that they have ob=eited ehoieifoim motements m the head 
and eyes of the labbits Positive lesults liave also been obtained fiom 
cultures of the circulating blood and 30 ml fluid The studv of the 
moipholog} and cultural characteristics of the sheptocoecus lias given 
varying results In general it lias been found that the organism does 
not differ m appearance from the Sti eptococcns pyogenes , except that the 
chains are usually shoit, containing not more than ten oiganisms, and 
that the chains aie divided into pans Poynton and Paine maintain that 
acid media aie most favorable to its development, while Beaton and 
Walker agiee with Westphal Wasseimann and Malkoff in piefeinng 
alkaline agai and bouillon The growths conespond rathei closely to 
those of the S pyogenes and to tliat of the oigamsm of scarlet fevei, as 
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descnbed by Aionsolm and Mosei The}'' aie hemolytic, turning blood 
media to a lusty brown 01 chocolate color Cnltmes on liquid media are 
not agglutinated by the semm of a lhenmatic human being 01 that of 
convalescent labbits 

EXPERIMENTS OE MEYER AND OTHERS 

Contradictory results have been obtained m laige numbers Phillip 
failed to glow the oiganism m twenty-one cases m which blood cultuies 
were attempted, and m six inoculations fiom the knee joint Meyei was 
likewise unsuccessful m thnty cases 

The woik of Mejei is the most original and intei estmg of any done 
on the subject m lecent years He concluded, fiom Ins unsuccessful 
seaich of the blood, that the disease was either an intoxication fiom 
bacteiia which lemamed localized m the tlnoat or that the oiganisms 
enteied the blood and were there rapidly destioyed His method of 
stud} mg the tlnoat bacteiia is unique It is a thankless task to tiy to 
isolate the vaiious organisms by agar plates or similar methods He 
theiefoie inoculated bouillon with swabs fiom the tlnoat, and aftei 
t went} -f oui hours’ growth in the mcubatoi, mtiodueed some of this 
bouillon into the eai vein of labbits His results weie lemaikable In 
a few da}s only one species was found m the joints, then localization he 
legal ded as a sign of special affinity These organisms, when groivn in 
puie cultuie and again introduced into labbits, produced just such 
lesults as had been described by Triboulet, Westphal, Wassermann, 
Povnton and others They also piesented a close lescmblance morpholog- 
ically The blood and joint fluids were steule within a few days, but 
cocci weie found m laige numbers m the endothelial lining of the joints 
and of the lieai t valves affected 

The conclusions as to specificity of the streptococcus reached by 
Mever Mould be veiy convincing if theie weie not contradictory evidence 
Bezan^on and Griffon, m 1899, however, while tiymg to immunize rabbits 
against pneumococci, found that attenuated cultuies frequently produced 
joint changes, pencaiditis and pleurisy, such as had been desciibed m 
connection with the sti eptococcus Meyei, too is compelled to assume 
that m scailet fever, tjplioid fever and othei diseases, the tiansient 
aithiitides aie pioduced by a mixed infection 

Efforts to distinguish morphologically and culturally between this 
and othei stieptococci have been unavailing Beaton and Walker found 
that it pioduced formic acid and that it grew on filtered bouillon, m 
which the S pyogenes has been previous!} cultnated, to the latter fact 
(Mainioiek s test) has been given special inommence 
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\\ alkei, in one of Ins latest pnpci on the subject, admits that ‘the 
ca«e in Jaioi of the 3hci ococcus ihcumnlious 1 = non-pioven and appeals, 
in some 1 expects pci haps lc«» faioiable than it did fom 01 five lears 
ago ' The inoiphologic methods of dilVeicnliation hate sufleicd es- 
pcciallv lie ennmeiatcs the difTeiential ehai actei i^ties as follows 

1 A gieeimh biown decollation in blood agai culiuies, due to 
1 eduction of the hemoglobin (The was <«hown by Schottmuellei m 
1903 to be ti no of lanoie stieptococn) 

2 Giowtli obtained in Maimoieks to«t that e a filteied bouillon, 
on which otliei Plains ol. stieptocoeci had been glow n (The lalue of 
this test wa= made doubtful In the woilc of Mcun and Aioieohn m 1902 ) 

3 Giowthinien alkaline media 

J Piodurtion ot oonsidciable quantities of acid (Neithei of these 
chaiactciisties e suflincnth distinctne to ditleientiate ) 

Walkci al=o =ats that he ha" ‘*no he-itanc\ in ca> mg that, as fai as it 5 
lppeaianec and ehaiacteietics went the oiganism would undoubtedh 
be classed as an oidinan stieplococcie it handed without comment to an 
e\pci t bactenologist 

Admitting the impossibility of detimruehing the oiganism descnbed 
moiphologically and cultuialh two moie methods lemam foi its identi- 
tieation as the specific came oi lheumatimi 3, its di^coiciy in all cases 
of the disease, and 2, the pioduction of the disease in animals by its 
mtioduction into then bodies As mentioned bcfoic, the second point 
ha 5 * been most emphasized The voik of Beattie and Meyei has been 
especially impoitant Beattie compaic'? the lesults ol inoculation m 
labbits of the Shcpiocot tus pi/ogcncs with those pioduced by the Micio- 
coccais ilicumahcus 

si in rrococcus 


Method of Injection No Subjects 

Inti avenous 34 

Intiapentoneal 7 

Subcutaneous 3 

Subcutaneous and intiapentoneal 4 


4S 

No Subjects Per cent 
7 14 5 

9 IS 7 

1 2 

“JIICKOCOCCUS UIIEU'WATICUS ” 

Method of Injection No Subjects 

Intiavenous 13 

Knee joint 1 

Subcutaneous 1 


Results 
Death in 
Artlmtis in 
Endocarditis m 
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Results No Subjects Per cent 

Death m 2 13 3 

Artlmtis m 0 GO 

Endocaiditis m 5 33 3 

In the fonnei the aithritis was definitely puiulent and usually in- 
volved the wnst ]omts The only case of endocarditis was associated with 
abscesses of the kidney and veitebiai The artlmtis of the lattei was non- 
puiulent and usually appealed m the knee joint Most of the animals 
that ueie not killed recoveied fiom the disease 

Meyei's lesults weie similar, although the peicentages diffeied Of 
one bundled animals inoculated with the specific oigamsm, tv ent} -one 
developed joint disease, while only two of one hundred tieated with 
Sti epto coccus pyogenes exhibited aithntides Tiansplantation and an- 
imal passage did not meiease its tendency to suppuiation Lewis and 
Longcope inoculated five labbits with a streptococcus derived fiom a 
fatal case of lheumatism tvehe houis antemoitem, all of the animals 
showed joint involvement, and one a vegetative endocaiditis 

The powei of the stieptodiploeoccus to pioduce joint disease and its 
special affinity foi the joints is beyond question but the expemnents of 
Widal, Benzan^on and Gnffin, and of Cole, have lendeied it doubtful 
whetliei othei oigamsms may not aho act a« causatne factois m the 
disease 

Demonstiation of the coccus m all cases of the disease has failed most 
signally Cole states that foi j r eais blood cultuies ueie taken fiom eveij 
case of lheumatism at the Johns Hopkins Hospital, and that these had 
been mvanably sterile, the lesults of Smgei and Phillip ueie similai 
While some of the positive findings of the English obseners were ob- 
tained m living individuals, the vast majority veie derived from the 
cadavei , the endocardium and synovial membianes appear to be pai- 
ticularly uch m organisms The blood and synovial fluids v eie usually 
steule at autopsy The type of lheumatism in England must be much 
moie seveie than that seen m this countiy or on the Euiopean contmert, 
as fatal cases of uncomplicated lheumatism aie unusual with ns, hence 
the opportunity of studying them baeteiiologicalh at autopsy laiely 
piesents itself The postmortem study is also associated with dangei= 
The multiplication of bacteria m the body shortly befoie death is well 
known^ and their discovery m large numbeis may lead to false conclu- 
sions Could similai results be obtained in the living and not moiibund, 
they would be of much gieatei a alue m the establishment of the organism 
as the specific agent It was with tins object that mj woik was undei- 
taken 
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This woik consisted of attempts at cullnafing flic suspected organism 
fiom foih-fhc oa<=cs all of which weic clinically typical of acute ailiculai 
rheumatism r riic ca^cs weio taken as ilio patient^ cnteied the Cook 
County and Picshytonan Hospitals those winch liad passed the acute 
f obi lie siage wcie 1 ejected The laige majouh had lecened no medical 
tieatnient 01 at most a few doses of ihe salicylates at the time the cultuie 
media weie inoculated Relative!} few of the patients came under ob- 
scnation dining the fust week of the illness^ almost all dining the second 
week By this tune tlieie weie cudences of tlnoat infection only m 
isolated instances though the mayont} gayc a histoij of eaily lmolve- 
ment of the tonsils 

The media used weie at the beginning those iccommended foi the 
pui pose In Pojnlon and Paine and then school m England It was 
iound almost impossible howciei to pioduce cleai alkaline biotlis and 
agai , this made the dcteinunation of the piesence of giowths by the 
naked eye yen difficult All of the liquid media piesented piecipitates 
aftei internals of twenty -fom to scienlj-two hours, these piobabh con- 
sisted of minute flakes of fibnn which adheied to the side and bottoms 
of the tubes and flasks When giowths weie obtained, the} weie inocu- 
lated into all of the special media piepaicd, as well as on oidmai} agai 
blood seium acid bouillon and litmus milk It ayipeaied that the 
giowdhs m acid bouillon weie moie limniant and iapid than those m the 
ongmal cultuies, theicfoic, m the Iattei pait of the wank, acid bouillon 
was employed foi the fiist inoculations and if giowths weie piesent sub- 
cultures weie made fiom them As it was difficult at times to be suie 
wliethei 01 not tlieie w'ould be a positne lesult, inoculations weie made 
fiom all of the pumaiy flasks m tw enty-foiu to foity-eight houis aftei 
then inoculation In eveiy case m which an} glow 111 w r as obtained, fiom 
3 5 to 30 cc of a cultuie m bouillon was mtioduced into the eai veins 
of one 01 two labbits In each case the inoculation was lepeated if the 
labbit lived 

Many of the patients had mild endocaiditis, foui had ulceiative 
endocaiditis, of these two lecoveied One of these m the comse of his 
illness had a hemiplegia Of the tyvo fatal cases, the diagnosis m one 
was confirmed by autopsy The patient m the othei case had a pen- 
caiditis m addition to the endocaiditis Another patient had enoimous 
subcutaneous and submucous liemorihages Almost the entne body sui- 
face yvas discolored puiple oi daik red The slightest traumatism 
pioduced hemonhages, and the mtioduction of the needle into the median 
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terns also xesulted in enoimous effusions The iheumatie symptoms m 
this case had also been very pionounced, hut had become much less 
maiked when the bactenologic woik was nndeitaken The patient died 
within a week of the time at which blood was taken fiom Ins veins, 
but no autopsy could be made 

Blood was taken from the most piomment vein at the bend of the 
elbow in each one of the cases Foi this purpose a Luei syringe, which 
had been stenlized m the autoclave, was used and a needle sterilized by 
div heat No pints of any kind weie used and no lubricant to make the 
synnge an -tight These things were discarded so as to minimize the 
chances of contamination It was usually possible to obtain 7 to 10 
c c of blood m this wav In the eailier pait of the work 1 c c , 3 c c , and 
5 c c of blood, lespectively, weie mtioduced into thiee flasks containing 
150 e c of bouillon, m the latter pait two flasks only weie used, foi one 
of which 2 to 3 c c of blood weie used, and 5 c c foi the othei When 
possible, fluid was also taken from the pints In many cases, m spite 
of the appaiently laige effusion into the pints, it was impossible to 
obtain any fluid The difficulty seemed to be less m the viscidity of the 
fluid than m the fact that the gieatei pait of the swelling was clue to 
edema of the sunounding tissues The skm at the point of mtioduction 
of the needles was stenlized, as well as possible, by the use of 95 pei 
cent carbolic acid, followed by alcohol 

Of the foity-five cases thus examined, thnty-foui gave no cultuies at 
any stage In five of these, fluid fiom the knee also gave no giowths 
Of the lemammg eleven cases, cultuies weie obtained m ten cases fiom 
the blood, m one case fiom the knee pint 

Case 1 — Two blood inoculations weie made, of these one was negatne, lee 
of blood m 100 cc of bouillon One of 3 c c of blood m 100 cc of bouillon 
showed an abundant giowth m twenty foui liouis The bouillon was very turbid 
Mici oscopieally, smeais sliow r ed numeious cocci no! arranged m chains oi pans 
Subeultuies conesponded to giowdlis of the Staphylococcus albus No furtliei 
voik was done with this cultuie, as it was assumed to be eithei a contamination 
oi denied fiom the skm 

Case 2 — A luxunant giow’th appealed in all the culture flasks m twenty 
foui lioui s Subeultuies m glycerin agai appeared as white, pinhead-sized 
colonies Milk was not acidified m tw'enty-foui houis Smears showed staphylo 
cocci, which weie large, manj biscuit-shaped, and sometimes arranged in pairs, 
nerei in chains Inoculation into a rabbit pioduced no appaient change This, 
too, vans assumed to be a contamination and the organisms weie traced no 
furtliei 

Case 3 — This was a case of joint mvohement associated with high tempera- 
tuie and ceiebial manifestations, resembling those of a meningitis My cultures 
druing life weie negative At autopsy, minute warty vegetations w r ere found on 
the initial valres The joints w r ere not opened Cultures taken from the blood 
and meningeal fluids showed a motile bacillus which did not produce rheumatic 
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change-, in a labbit The organism was a facultative anaerobe, resembling in 
appcni.tncc the tvphoid bacillus It was not identified 

In none of the above cases could any suspicion be enlei lamed that the 
oiganism isolated w as that believed to be specific for acute aiticulai 
iheuniatism In all the following a ctieplodiploeoccus was obtained, 
which moiphologicall) and cultmall} conc^ponded to that dcseiibed by 
Tiibonlet and Apeil, Wassennann and Povnton and Paine All the 
ca«cs weie lecent and undoubted acute lhcumaties 

Cask 1 — Giowtli appealed m twenlv fom liom« Inoculations nito ear \e».is 
of two 1 iblnts weie negative 

Casi 2 — Cultuics did not become appuent until after six davs in the m 
cubatoi Inoculations weic negatne 

Casi } — Rheumatism with malignant emlocn ditis md pencmhtis Inoc i- 
lation into labbit (10 cc of bouillon cultuie) pioduccd death in twenty four 
boms Heart valves and joints showed no changes 

Casi, 4 — Uieie was slight tiubiditj in twenty fom liouis Inoculations 
were negatne 

Casi I — Rheumatism with acute endocnidilis and hemiplegia Giowlhs on 
all nudii showed tvpic.il oigimsms Inoculation into one rabbit pioduccd death 
in a few horns, nulops\ showed a tluombns in the light ventricle Inoculation 
into olhei lablnts eiuscd no peieeptible diange 

Casl G — The onginal cultuie showed no \isible giowtli A subcultme on 
gljceiin agar in one week presented aen minute colonies abo\e the water of 
condensation Slioil chains («u\ to eight cocci) weie found in the smeais In 
oculations into annuals piovcd negatne 

Casl 7 — Malignant endocarditis associated with lhcumntism Inoculations 
into lablnts produced no appaient effect 

Only one positive cultuie was obtained bv the use of joint fluid 

Case 1 — This cultuie was taken from the light knee Giowllis appeared in 
twenty four hours These lesembled in all paiticulais those obtained from the 
blood in the preceding seven cases Inoculations into lablnts were negatne 

In five cases, joint cultuics lemamed stenle 

Blood cultuics weie also made from two eases of clioiea Both of 
these showed growths on all media 

Case 1 — Previous iheuniatism, second attack of clioiea Cultures were 
positive in two days Smears sliow r ed Gram positive diplococci and staphylococci 
The growths appeared as white colonies, pmhead-sized, to a great deal larger 
Subcultuies weie typical of Staphylococcus pyogenes alius Inoculations into a 
labbit pioduccd no noticeable symptoms 

Case 2 — Motliei of patient had had llieiunatisni twenty -two years befoie, 
one sister liad had chorea foui times Blood smeais weie made on glyeeun agar, 
subcultuies m bouillon, which became maikedly cloudy after days Smears 
showed diplococci longei than lnoad, with the general characteristics (noted 
befoie) of the Sti cptococcus pyogenes Inoculations into rabbits w r ere negatne 

Altogether, then, a streptodiploeoceus oi stieptococcus was isolated 
from nine eases 

Five weie of iheumatism with oi without endocarditis of a mild tjpe 
(foui fiom blood, one fiom knee) 
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Tlnee w cic of llieumatism with malignant endocarditis 

One was a case of Sydenham's ehoiea 

Otliei oigamsnis weie obtained m foui cases, one undonbtedn a con- 
tamination, tlnee pioved to be the Staphylococcus albus It is moie than 
likely that this oigamsm came from the slnn of the patient, m u Inch it 
is found so fiequently that it must be leckoned with as a finding in a 
fanly laige peicentage of blood cultuies 

On the basis of such findings Sahli and otheis have contended that 
llieumatism might be pioduced by any one of a numbei of oiganisnn 
Nevertheless, the staplnlococcus at least is of such fiequent occuiience m 
association with othei diseases 01 cultuies fiom noimal blood that its dis- 
covery must m most cases be atinbuted to othei sources than the ciicu- 
latmg blood 

It is difficult to chaw any positive conclusions fiom my w oik I be- 
lieve it unlikely that the stieptococci obtained fiom the blood m the 
above cases weie identical with those cultivated by Wassermann, Poynton, 
Paine and otheis, chiefly because they failed to show the only featuie 
which distinguishes them fiom othei stieptococci, their vnulence and the 
pioduction by them of specific pathologic changes m animals As stated 
above, cultuies and moiphologic appeaiances of the “Mici ococcus >hcu- 
maticus ’ diffei m no essentials from those of other types of stieptococci 
All the cliaiacteis supposed to belong paitieulaily to the coccus of lheu- 
matism have been shown to occur wuth othei stiams as well The failuie 
to isolate a vnulent stieptococcus fiom the blood does not, howevei, dis- 
piove its existence , thcie may be tiuth m the contention of Meycu that 
the blood is an unfavoiable medium, and that the oiganisms fail to 
prolif eiate, and die except when located m the fixed tissues Animal 
inoculations with the streptococcus seem to confiim this hypothesis In 
many otliei diseases, too, m which there may be a genei aimed infection, 
such as gononliea and tubeiculosis, the oiganisms are demonstialed m 
the blood wuth gieat difficult}’ 

Stieptococci have been found m many diseases m wdiich their 
pathogenicity is fai from pioved scarlet fevei, smallpox, terminal and 
otliei infections They seem to develop veiy leachly m patients whose 
geneial resistance has been lowmed Pathogenic organisms of othei t\pes 
have also been giovn fiom the blood of individuals not suffering fiom 
the diseases which these organisms oidmanly produce Thus Busse lias 
leported the cultivation of typhoid bacilli fiom the blood of tlnee cases 
of miliary tuberculosis and one of pneumonia Krehl (quoted by Bu= c e) 
reports a similar experience, and the multiplication of blood cultuies m 
clinical work will undoubtedly mciease the number Fiom such ei id once 
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one can nidge of the possible fomcc of the oigani*m* obtained bv my 
blood, cultmes j\T\ losult* aie m accoid with tho*e of Singei Philip, 
Cole and Moiei, who al*o failed m ilien attempts to glow the Miuococcus 
)hcumaiicu<t fiom the blood of patient* It would be foil} to deni on 
sueh giounds the existence of a specific oigunism but it appeals that 
isolation of the eoccu* fiom the Imng bodi is ncee=sap to fix its position 
as the specific cau*o of iheumati*m Podmoitein examination* aie 
fi aught with too mam fallacies, and the oiganism shaics with too man} 
otheis the faculty of piodiicmg llieumatoid legions, thougli it mav do so 
with giealei fiequenc} Until the coccus is pio\ed to oceui in most of 
the In mg patients as well as in the fatal eases of lheumatism the claims 
foi it* *pceificih will 1 cmam on an unstable foundation 

[I wish (o thank the attending pin ski in* of the Cook Connt\ and Picsln- 
teiinn hospitals foi thou kindness m pcinutimg the tise of then patients, and 
cspecinllv Di Billings foi (lie opportunity of doing this woik] 

100 State Sheet 



A CLINICAL AND PATHOLOGIC STUDY OF A CASE OF 
ADAMS-STOIvES 5 DISEASE 
HARVEY G BECK, MD 

AND 

WILLIAM ROYAL STOKES, MD 

BALTIMORE 

This disease, which was Hi st desrnbed by Adams 1 m 1827, did not 
leceive geneial lecogmtion until ISiG, at this time Stokes 2 published 
his studies of the subject and piesented a moie complete clinical pictuie 
Aftex this it was known as Adams-Stokes’ syndrome In the past few 
reais, since the pathology has been moie definitely detei mined, it is 
usually described as Adams-Stokes 1 disease 

The disease is peihaps not as laie as one is led to believe m looking 
ovei the liteiatuie Michael and Beutlennllei 3 weie able to collect about 
seventy cases, the majonty of which weie lepoited m the last few yeais 
The fact that cases aie moie frequently repoited m recent yeais is due to 
the gieat intei est aioused bv the discovery by His of the arniculoventiic- 
alai bundle and to the studies of the plnsiologic function of this bundle 
bv Eilangei 

While we do not feel it necessan to lepoit 0111 case to help piove the 
conectness of the relation existing between disease of the bundle and the 
symptoms of Adams-Stokes 5 disease, we do feel justified m jnesentmg it 
because it is a unique case in so fai as the cliaiactei of the pathologic 
lesion is concerned, and, theiefoie, adds at least something of mteiest to 
the subject 

Befoie Gaskell, His, Ji , Tigeistedt and Eilangei demonstrated, by 
ingenious experiments, that the symptoms of Adams-Stokes 1 disease and 
those of heart-block w r eie piactically identical, numeious theories weie 
advanced as to the cause of this condition Stokes himself approached 
moi e closely to the tiue natuie of the underlying pathologic basis wdien 

* Read in the Section on Pathology and Physiology of the Ainencan Medical 
Association, at the Eifty-mntli Annual Session, held at Chicago, June, 190S 
Fiom the Clinical and Pathologic Departments of the College of Physicians and 
Suigeons, Baltimore 

' This aiticle is lllustiated fiom negatives winch weie made m color by the 
Lumieie piocess dnect fiom the specimens 

1 Adams Dublin Hosp Rep , 1S27, i\ , 390 

2 Stokes Dublin Quart Jour Med Sc , 1S4G, u, 73 

3 Michael and Beutlennllei Beil klin Wclinsclir , No\ 18, 1907 \h\ 1474 
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he suggested that the lesion mas m the licai l muscle Clmicot suggested 
that the lesion Mas in the medulla JTouchauP held that theic was pies- 
ent a disease of the ceicbial vessels associated with a distui banco ot the 
mechanism of the heait 

Gibson 0 and Jacquet 0 leeogni/ed the piesence oi henit-block, 
and thought that tlieie was a «inulaiit\ uiih intennilleni claudication 
B} otlicis it Mas lecogniml as fntt-\ dcgeneintion of the heaii muscle 
and Illinois of the xagus, 01 picssuic on the ingus In spite of the fact 
that the i emits of the iccent imesligations be IIis ,Ti f and Ins co- 
Moilceis c eem so eonclusne, tlieie still appeals to be =omc dispanh m 
opinion as to the cause of this disease Thus Peaisoiv holds that the 
existing cau=e ieside« at difieieni lex els of the nenous mechanism 



at j-j v« xi as ’•<* a v 


Fig 1 — Ful«c tincing of patient dcsuibcd in case lustoiv, «, nuriculai 
pulse, v, i entneular pulse Louei figuios icprcscnt the dilTeience between 
each Acntriculai pulse in mm 

The many intei estmg studies on the physiology of the heait, espe- 
cially those iclatmg to the cause of its ihythmic action, all tend to con- 
him the view of those who favoi the theoiy of the myogenic ongm of 
the condition and tend to dispiove the nemogonic theoiy It has been 
demonstrated that the mheient lliythmicih is not dependent on the 
neivous mechanism, although it has a governing influence ovei it In 
favoi of this vi cm' may be mentioned the fact that, m the fetal heait, con- 
tractions occur before the neivous system is developed 

In the myogenic theoiy, it is assumed that the impulse passes fiom 
the auricle to the ventricle and that tlieie is a buef interval between the 
contraction of the auiicle and the contiaction of the ventricle In the 
mammalian heart, it has been found that by unarming oi cooling the aiea 
between the mouths of the tw r o venre cavre the heai t-rate can be modi- 

4 Houcliaid TiaiiC des maladies du cceui 

5 Gibson The Nervous Affections of tlie Heait, 1904, p 05 

0 Jacquet H outsell Areli f klm Med lxxu, No 2 

7 Poaison Dublin Joui Mled Sc Oetoboi, i007 




big 2 — Ihe coloi photogiaph of the heait shows the heait laid 
open, exposing the endocaidium of the left \ enti leulai septum The 
eakaieous nodule at the base of the segment of the initial cahe is 
well shown and m the cioss section of the muscle of the left 
\enlncle a calcaieous nodule is seen just below the base of one of 
the cusps of the aoitic lahe (Pi of W T Simon / 
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fied, s and as this is the only aiea which influences the v, hole heait’s ac- 
tion 0 it is safe to assume that the impulse begins at this point and passes 
thiough the auncle into the ventucle The assumption that this impulse 
is conducted through the musculai fibeis led to the natuial inference 
that theie must be a connective bundle between the auncle and the ven* 
tncle 

In 1893 His, Ji , 10 descnbed a musculai bundle connecting the 
auncle and ventricle through the auneuloventriculai septum Little at* 
tention was paid to the discovery of His until 1904, when Ketzer/ 1 
Bi aiming, 12 and Humblet 13 confirmed His' obsei vations and gave a com- 
plete descnption of the anatomy of the bundle of His 

A number of obsei veis Lav e contnbuted articles on the dissociation 
of the auncles and ventricles S tannins/ 4 m 1852, first observed this 
phenomenon m cold-blooded hearts attei ligation of the smoaunculai 
junction The lesults obtained experimentally by this method aie fully 
descnbed by Gaskell, 15 who succeeded m pioducmg independent auncu- 
lai and lentnculai contiactions m the lieait of a toitoise by constricting 
the cuculai layer of the muscles at the aunculoventricular junction 
Wooldridge, 10 m the same yeai, was able to sever the functional connec- 
tion between auricles and ventncles by ciuslnng the tissue m the auric- 
uloventnculai junction This had the effect of pioducmg an independ- 
ent lhytlim foi both auricle and ventricle and a marked slowing of the 
ventncles His, Ji , 17 m 1905, demonstrated the same condition by 
simply destroying the aunculoventricular bundles 

In 1905 Henng confiimed His* experiments At the same time 
Eilanger was performing his valuable experiments, but using different 
methods Erlangei’s results aie best described m his own words 

With gradual compression of this bundle, the following phenomena may be 
noted First may be seen a slight mci ease m the intei val between the beginning 
of an auricular and the beginning of its independent ventricular contraction 
This, then, is the first sign of heart-block With further clamping, a degree of 

8 Me William The Rhythm of the Mammalian Heait, Join Physiol, 1888, 
i\, 107 

9 Adam Pfluger’s Arch , 1906, cm, 607 

10 His, Ji Aib an d med khn zu Leipzig, 1S93, p 14, Centialbl 1 
Physiol, 1895, ix, 469 

11 Retzer IJebei die musculose Vei binding zvielien Voihof und Ventrikel 
des Saugethierlierzens, Arch f u Entw cklngsgescli , anat pait, 1904, p 1 

12 Braunmg Aicli f Physiol 1904 supplement, 1 

13 Humblet Arch mternat de physiol 1904, vn, 27S 

14 Stannius Arch f Anat Phjsiol u wussensch Med 1S52 p 87 

15 Gaskell Jour Plirsiol 1SS3 n, 43 

16 Wooldridge Aicli f Physiol , 1SS3, p 552 

17 His Ji Centialbl f Plusiol , 1S95, i\ 469 
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eompi cssion may be 1 cached in mIucIi this liilennl, the 1 n torse stolic period, 
gimlimlh mei eases m length with sitcrcssne boats until oicntimlh the \en 
tncles fail to lespoiul to one of the aunculni impulses Following this yen- 
t nculni silence the mloi systolic pound is shoit, but it immediately begins to 
lengthen again until anothei \cntiioulni bent is chopped In this way states 
may be pioduced in which lentnuilni beats may be dropped quite logularh in 
10, 0 oi S, etc, aunculni beats t\ ith fuilhei < lamping, moie achanced stages 
of paitial block may be obtained, stages in which onl\ o\cr\ otliei oi e\ery 
thud oi e\cn fouitli auriculai beat may stimulate the yentiicles, gning use to 
what aie goneinlh termed 2 1, 3 1, 4 1, etc, ilijlhms, lespecticely The yen 
tildes may beat independently of the auneles although the block is not actually 
complete This state has been temied iclatue complete block Finally, when 
the picssuic on the auriculoc enti lculai bundle becomes such that the nuiiculni 
impulse fails to pass the obst nation, the block becomes absolutely complete 
In both fonns of complete (dock t!ie \enliicles beat moie slowly than the auii- 
cles and nidepondonth of them 'Jlus state of itlaus is ‘■ecu in achanced stages 
of Adams Stokes’ disease 

In lclatiye oi paitial heail-block the tin thin of the yentiicles is 
influenced lit the late of the aunculni conliaclions Evpenments seem 
to demonshate what is home out hy clinical obscnations (Fig 1) that 
the aunculai impulse is inverse to the auricular rate Therefore, when 
the auneles heat lapidly, the impulses aie not oi sufficient stiength to 
stimulate the yentiicles to conti action, and the lhyllim which becomes 
moie complete may change fiom 2 1 to 3 I to 4 1, etc oi even complete 
block may ensue In this connection it is intei eating to mention the ef- 
fect of stimulation of the yagus and accelciatoi nei\es m both paitial 
and complete block 

Both the vagi and acceleiatois lane veiy slight influence on the late 
of the yentiicles duiing complete block hut the auneles aie affected as 
usual 

Usually, at the moment when paitial block passes into complete block, 
the ventncles cease to heat altogether until they aie stimulated to an 
independent action by then inheient lhythmicity It is at this stage of 
Adams-Stokes’ disease that the syncopal attacks develop, and these attacks 
aie mvanably associated with the so-called stoppage of the ventncles 
Bilangei and Hnschf elder 1S made a senes of expenments with the object 
of studying the phenomenon of stoppage of the ventncles and its l ela- 
tion to the syncopal attacks of Adams-Stokes’ disease The lesults of 
these expenments w r eie oveiwhehnmgly m favoi of the view r that “the 
ventncles cease to heat foi a tune, yvlien they aie no longei yvlupped into 
action hy then physiologic stimulus, because some tune is lequned foi 

18 Eilangei and Hnsclifeldei Fuitlier Studios on the Physiology of Heait 
Blocks m Mammals, Am Jour Physiol, 190G, \.v, 153 Ilenng, II G Aieli 
f d ges Pliysiol , 1905, evu, 97 



Fig 3 — This show s a pliotogiapli of the gioss specimen and at C the 
laige niegulai calcaieous nodule is seen B indicates the calcaieous aiea 
just in the legion of the bundle of Hm, as it comes fiom the auiicle, and 
A shows the niegulai calcaieous column beneath the endocaidium which 
piessed upon the bundle of His m its coui^e between the fibious ling and 
the a enti lculai septum H shows the blanching of the bundle just be- 
neath the endocaidium of the left aentncle (Di T if Wnght ) 
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the doimant mlieient iliythmicity of the ventncles to acqime its ma\i- 
nmin efficiency” Eilangei and Hirschfeldei weie inclined to believe 
that the syncopal attacks lesult fiom the sudden cessation of the influ- 
ence of the auncles over the ventncles They obseived that m one of 
their cases the ventncular stoppage was always preceded by an acceleia- 
tion of the auncles This also oeeuned in our case 

CLINICAL OBSERVATIONS 

Patient — A man, aged 72, with a splendid family history With the excep 
tion of malana fiom the age of 14 to 40 3 ears, while residing m Vngmia, and 
Wo attacks of pneumonia between 50 and 60 yeais of age, the patient had 
enjoyed lemaikably good health His occupation was blacksmitlimg and steel 
inspecting, which lie followed actively until the summer of 1907 He was an 
imeteiate smokei foi veais, and occasionally took a glass of beei , otherwise 
Ins habits weie most exemplar 

Onset of Symptoms — This dates from an mjuiy which he sustained July 9, 
1907 In crossing the laihoad, lie stepped underneath the gate which was being 
loweied, and leceived a slight blow 7 on the head He fell and was unconscious 
for one or two minutes, after which he was able to walk unaided Four days 
latei a sensory aphasia suddenly developed This w 7 as associated with a slight 
weakness of the light arm There w r ere no otliei evidences of paralysis The 
patient lemamed in bed for seveial weeks, although he ivas able to walk His 
pulse at this time ranged fiom 60 to 64, but tlieie was no disturbance of rhythm 
noted The aphasia began to subside aftei one week, and it gradually improved 
until only a slight hesitancy m speech remained In a month he was going about 
fieely and doing light work In the lattei part of November he began to have 
“weak spells,” m which he fell, but did not become unconscious These attacks 
lasted only a few moments He was m the habit of walking close to buildings 
or fences, m oidei to suppoit himself when an attack came on and pievent him- 
self from falling The family had noticed that dui mg Ins sleep he had been breath- 
ing inegulaily (Chejne Stokes) foi some time On Jan 4, 1908, he was taken 
with a series of attacks (piobably ten within an hour and a half) which we had 
the oppoi tunity to study The c e attacks lecuned frequently, although at veiy 
megulai penods foi the next two weeks, aftei which occasional attacks dev el 
oped until they finally disappeaied entneh 

Physical Examination — The patient was a tall, slender, fairly well-nourished 
individual and appeared much youngei than Ins actual age The coloi of the 
skm and mucous' membrane was noimal Tlieie was no inequality 7 111 the size 
of the pupils and both leaded piomptly to light and accommodation Aicus 
senilis was piesent, but not marked An epithelioma, the base of which was 
about the size of a dime, was situated on the light cheek ov ei the malar bone 
The tongue was clean and not tremulous The chest was fairly well developed, 
and expansion was equal on the two sides Pulmonary resonance was good and 
breath sounds were normal In the recumbent posture, the cardiac impulse at 
the apex appeared m the fifth intercostal space, directly inside the nipple line 
It was slightly diffused, but not heaving in character No thrill was present 
Marked irregular pulsations were constantly seen m the veins, at the base of the 
neck, averaging from 76 to 90 per minute The indial pulse was slow, ranging 
fiom 26 to 32 per minute, and tlie tension was minus The rlivthm was not 
much disturbed, except on those days when the patient suffeied with frequent 
syncopal attacks The condition of the arterial w 7 alls was about noimal foi a 
man of the patient’s age The aiea of cardiac duiness was somewhat increased 
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in the tians\eise diamclei, 111010 io llic right than to the left No definite mur- 
murs uere heaid At the apex, the first sound Mas feeble, the second was eleai 
and more distinct Between eaeli •ventricular sj stole were heard faint, short and 
somewliat indistinct sounds Then maximum point of intensity was toward the 
base of the heart, diminishing tow aid the apex, and lost entirely at the mitral 
nea There was no evidence of gastrointestinal disease Lner dulness was 
normal, the spleen was not palpable and the mine was negalne 

CJiaiactd 6f Altachs — The cliainclei of the attacks did not vai} much ex- 
cept in degiec Some were appai enlh much moie severe than others They 
weie usnalh picceded In a distinct aura, which was in the form of sounds 
Ksemblmg the iinging of hells 01 music Tins was associated with intense pain 
m the light ^lde of the head and face There was also spasmodic contractions 
of the muscles m this aiea During this stage the patient inised up m bed, 
gin sped the light side of the face with the right hand and groaned lie soon 
afteiwaid sank into unconsciousness, which lasted from fnc to fifteen seconds 
During this peiiocl the coloi of the face wns an ashen grav the lips were 
cvanotic and the breath was slow, lmgulai ami sferioions Aftei returning to 
consciousness, he sank his head into the pillow and lav exhausted, with beads of 
peispiration on the face and extiomilies Jn all the carliei attacks and the 
minoi attacks dming the com so of the disease unconsciousness was not complete 
and the othci symptoms weie not ns m.uked We me indebted to Di Artliui 
D Hiischfcldei, who saw the patient with us several times and took some 
interesting pulse tiaemgs The one leproduced (Fig 1) m tins article was 
taken Jan 12, 100S, one week aftei the onset of this senes of attacks While 
Dr Hiischfcldei w is taking tiaemgs that daj, the patient had seieral seizures 
with syncope and convulsive movements The nccompnm mg lecord was taken 
shortly after these attacks and shows a brief stoppage of the ventricles without 
any other associated phenomena The tracing shows distinctly the acceleration 
of the aunculai beat with a diminished contraction, a condition which usually 
piecedes a ventncuHi pause During the stage in which the auricular impulse 
was feeble, the ventncles conti acted independently of the auricles, causing com- 
plete heait-block Finally, when the aunculai lhythm became more regular 
and the force of tlic conti action 'aiongci it will be obseivcd tlmt every other 
beat stimulates the xcntricles to contraction, thus piodncing a 2 1 rhythm 
Subscqucni Com sc — After the sxneopnl attacks subsided, the 10111110103 con- 
tinued to beat independently, and the patient enjoyed compaiative comfort 
The pulse langmg fiom 2S to 30 poi minute, lemnmed fairly regular, and lvas 
influenced by change of position The patient died suddenlv in bed March 5, 
190S 

PATHOLOGIC STUDY 
TIIE ANATOMY OF THE BUNDLE Or HIS 

The anatom} of the bundle of His is carefully descubed by Retzei 11 
The old ideas weie based on the netuogenic theoiy This theory taught 
that the impulse of contraction came from the auncle to the ventricle 
and was transmitted by nerves This was not proved by experimental 
woik, and the latei myogenic theoiy has been confirmed by the pains- 
taking work of His and Retzer 

Retzei states that the imogeme theoiy depends pnmaiily on the 
demonstiation of a constant muscle connection between the auncle and 
\entncle The exact position should also be shown, and it should be 



l<’ig 4 — 11ns fellows a dialing of the block of lieai t muscle in- 
's oh mg the a euti lculai septum and the fibious auncuIo\entnculai 
septum A show s the caleaieous nodule dnectly m the couise of 
the bundle of His B (winch is Section 1,1 m A) shows the blanch 
mg of the bundle foi the light and left lentncle, (a) indicates the 
position of the bundle of Tiis in cioss section between the fibious 
a ill leiiloi entneulai ling and the musculai poition of the centnculai 
septum, ^b) indicates the biancli foi the left Aentiicle, (d) a cal- 
caieous nodule just aboce this biancli and (c), the biaiicli foi the 
light Aentiicle C (which is Section 2, 2, m A) shows a small 
caleaieous nodule just below the bundle of His In D (winch is 
Section 3, 3, m A) at (a) the liiegulu caleaieous mass is seen to 
l'niolie most of the aiea of the bundle of His and in E (which is 
Section 4 4 in A) at (i) the nodule is seen piojectmg into the 
legion occupied b\ the bundle of His (Mi A Iloin ) 





B G BECK — TP R STOKES 


283 


found m the lower class of animals as m the latei stage of development of 
the human embiyo 

Haskell showed a connection between the muscle of the auricle and 
\entncle of the tortoise He found a circle of muscle fibers m the fibious 
ling between the auncle and the ventricle from which auncular and 
ventricular fibers had then ongm Kent 10 also described a muscular 
connection between the auncle and ventncle m such mammals as lats 
and rabbits 

Wilhelm His. Jr, descnbed the auiieuloventncular bundle as fol- 
lows “The musculai bundle springs from the postenoi wall of the 
right auricle neai the auricular septum in the auriculoventriculai gioove, 
it lies m the upper maigm of the muscular septum of this chamber and 
passes foiwaid through this until near the aoita It then divides into a 
light and left limb, and the latter ends at the base of the aortic cusp 

Betzner, m a most painstaking research, has confirmed the findings of 
His m the mam, and his examinations include the microscopic study of 
the lieai ts of cats^ rabbits, rats, dogs and human beings 

Sections were cut peipendicular to the ventricular septum and par- 
allel to the heart's axis and passing through the ventricular septum and 
the auncular boidei Eetzei was always able to demonstrate the cross- 
section of a muscular bundle that was sharply limited from its sui- 
loundmgs by connective tissue This conti ast was best brought out by 
Van Giesen’s or Mallory’s connective-tissue stain This cross-section of 
what we may now call the bundle of His is found at the upper end of the 
septum ventnculorum directly beneath the membranous pait of the sep- 
tum Fiom the point where the bundle extends backward into the auri- 
cle, the connective tissue becomes scarcer and at last disappears, and the 
bundle can be no longei distinguished fionr the other muscle structure 
Fiom the point vhere the muscle is found in cross-section it also couises 
for waul m the septum and divides into a light and left branch which 
send out fibeis into the geneial musculai stiucture of the right and left 
ventncle 

On a sagittal section of the septum the bundle appeals lengthwise, and 
the membranous poition stains blue by Mallory’s stain, while beneath 
this the bundle of His can be seen This bundle is not so compact as the 
lest of the heart muscle and contains more connective tissue Ketzer was 
unable to find any other muscular connection between auricles and ven- 
tncles m the auncular groove^ and he thinks that he was able to exclude 
the presence of any othei laige bundle as a musculai connection 

10 Kent Jour Physiol 1G7 
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Be means of a luckt nccicleni "Rei/ei was able to demon=liaie the 
gio=s anatomy oi the bundle ol ITis m the human heait In an attempt 
to maceiate the specimen the conneelne ti ct me of the auriculoienlnculai 
•septum became c o soft that the amielc =epaiatcd fiom the centncle and 
lhe\ onl) lemained connected In the thin bundle of Ills 

Thi« bundle when Mewed maciO'Copically fiom the left side of the 
heait lies dneeth abo\e the mu=culai septum of the \entucle and undei- 
neath the membianous poition of the septum This bundle can often be 
seen as a delicate «diand if the •septum m held to the light The bundle 
can be traced backwaid onl} to the nglit tibious tngonum. but ioiwaid 
one can tiace the bundle into the mu=cle of the \entiicles On the ugh t 
side of the heait the bundle lies undei the medial leaflet of the tucuspid 
valve and this \al\c must be cut aw a} in oidei that the bundle mai be 
seen, and the endocaidium must also be dissected fiom the auiicles to the 
septum After lemoung the musculai poition of the septum the bundle 
is then seen in the auiieulovcntnculai junction wheie it =picads out 
into the musculatuic of the light aunele 

It may be =ccn, theiefoie as fibeis ansing m the light aunele passing 
backwaid nnmediatch abo\c the intenentiiculai septum, bifui eating 
into a light and left blanch which pass down to then icspective sides of 
the ventnele 

r vtiiology or Tin: bundle of his 

Sendlei, 20 in 1S92, icpoited a ca=e of a woman, 35 }eais old, who 
suifeied foi six months with fainting spells and slow r pulse langmg m 
fiequency fiom 24 to 37 The autopsy showed an enlaiged heait In 
the right ventncle 1 cm underneath the opening of the pulmonar} 
aiterv, but not involving the valve, tlieie w r as a fibioma the size of a 
walnut Although no micioscopic sections weie made, it seems that the 
tumor must have involved the bundle of His and pioduced the symptoms 
mentioned above 

In 1905 a case of Adams-Stokes’ disease was lepoited by Stengel, 21 
m which an atheromatous mass was found on the anteiioi leaflet of the 
mitral valve tow r ard the base He stated that it was ovei the bundle 
of His, wheie it passed from the aunele to the ventricle, but no micio- 
scopic studies were made at that time 

Sclimoll 22 also desenbed a case of Adams-Stokes’ disease m which 
theie were thiee or foui auncular contractions to one ventneulai beat 

20 Sendler Centralbl f klin Med , 1902, p G42 

21 Stengel Am Jour Med Sc, 1905, ev\\, 1083 

22 Sclimoll Jour Am Med Assn, Feb 3, 1906, xlvi, 361 



Fig 5 — This is a coloi pliotogiapli of a cioss section of 
the bundle of His which is shown at the uppei pait of the 
pietuie, iust below the led conneetne tissue of the fibious nng 
To the light of this bundle and sepaiated fiom it by red con- 
nective tissue is a small calcaieous nodule, and running through 
the entue eentei of the pietuie is the longitudinal section of 
the bianch of the bundle of His foi the light aentiicle The 
small bianch foi the left icntucle is also seen beginning to 
the light of the calcareous nodule These sections ivere made 
fiom Segment B, Figuie 4, Van Gie«en s conneetne tissue 
st mi (Di T M Wnght ) 
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No macioscopic* evidence of anv lesions Mas detected, but microscopic 
study showed scai-foi motion m and aiound the bundle of His 

Jellick, C'oopei and Ophuls 23 also lepoited a case of gononheal epi- 
didymitis m which the ^vmptoms of Adanm-Stokes’ disease appeared two 
necks befoie the patients deatli The autopsy showed an mfaiction m 
the region of the bundle of I-Iis caused b} thiombosis of the aitenes, and 
Coopei- 4 cited a case m which legions weie found m the bundle of His 
Butlei 2 ' dc=cnbed a snnilai case m which the bundle of His was mfil- 
tiated b\ fat to such an extent that it w as atiophied to one-fifth its 
natuial size 

Di Heinekc 20 showed a hcait at the Medical Association of Munich, 
June 12, 1907, fiom a ca c c of Ad am ^-Stokes’ disease fiom which stai- 
like guniniatous liivocaidiiic was found m the position of the bundle of 
111 * 


Hat and Mooie 27 dc^ciibed a topical Adams-Stokes’ syndiome lasting 
foi c eceial Aeais m which the ncciops\ showed ngid and calcified coro- 
nal ) ai tones, the light aitciy being almost occluded and both auricles 
and lentncles In peiti opined and dilated The aoita contained a few 
atheiomatous patches The nncioscopic examination of the bundle of 
His showed that the cential fibious bod^ of the bundle w ? as an atheroma- 
tous ma«, and poitions of the bundle weie mfiltiated by many fibro- 
blasts ^bowing a chionic inti animation of a patchy charactei 

Giunbaum 2S also found a gumma in this bundle, causing typical 
symptoms 

Ashton, Homs and Laicnson 20 hate lepoited a most mteiestmg case 
of Adams-Stokes’ disease with a complete nncioscopic stud} r of the sec- 
tions obtained at the autopsy This patient had all the caidmal symp- 
toms, including the attacks of veiiigo with unconsciousness, biadycaidia 
and mcooidmation of the aiumles and ventncles Aftei numeious at- 
tacks occuinng at mteivals dm mg one month the patient died, and 
autopsy «howed a slightly liypeiti opined heart, chionic passu e conges^ 
tion of the visceia, and a gumma of the heart involving the bundle of 
His This laige gummatous mass w r as found clnectl} below r the postenoi 
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aoi tic cu^p and parsed cntnch tluougli tlie uppci moH poi lion of -the 
mtci \cniiicular septum causing a piojccbng mass m the light \ cubicles, 
just beneath tlic middle bicuspid leaflet It mil thus be seen that this 
gumma passed comploleh thiough the aiea occupied In the auuculo- 
xcnlncnlai bundle Sections thiough the \cnlnculai septum perpendic- 
ulai to the long axis of the hem t showed that the bundle of His was com- 
pletely cut m two In the gummatous piocc's pn( a ft ei the bundle left 
the mteiauiicuhii septum and enteicd t lie umtnculai septum below its 
membi ancons oi fibious poition 

Fain ' 10 lias lcpoitcd two cn c cs of Adann-Stokcs disease In one of Ins 
cases he found a mass of connottnc tissue foiming a scai winch com- 
pleteh cut tliiougb the left blanch ot the bundle of Ills just as it (lmde= 
m oulei to mil in the uppci l.ixei- of the left tenincle In the otliei 
ease the mieioscopic examination mealed a gumma just as it makes its 
exit fiom the annulus fibiosus between the amides and xentiicles 

A XJTOPSY IMPORTS 
m ah i xu \«uutrxu x rs 

An nulopsx mis undo ibonl boms nftoi dentil but the bent was the 
only oigan tlut enuld be lcmoxod The lnei and lungs showed no exidcnce of 
clnonic pa«sixc conges) ion The licai t on rcino\al \ns found sligbtlx T enlarged, 
weighing 4 10 giams Mcasuiements 

1 Just nhoxe the aoitu xnhe SI cm 

2 Length of left xcntucle including muscle S5 cm 

3 Tlnekness of left xcntucle midwax, 21 nun 

4 Mill nl xalxe, 10 cm 

3 Pulmouarx xalxe, S cm 

0 Length of light xcntucle, 10 cm 

7 Thickness of i lglit venti tele 0 cm 

5 Tiieuspul xailxe sti etched, 14 cm 

ni:xv ghom ms xviiiiin Tiir HLAnr 

On opening up the left side of the heai t a c ilcai eons piojeclmg nodule 
found, measunng about 0 mm in diainetei and extending fiom G to 0 mm out 
into tlie chamber of the xentucle The mass xxas somexxbat niegular in shape 
and of a yellow' coloi It xxas about 2 cm immediately beloxx the mesial aortic 
cusp and lan backxvard along the uppci poition of the xcntncular septum, fol 
lowing the couise of the coionaiy aiteij and inxolxmg also the attachment of 
the anterior leaflet of the mitral xalxe An mogul u piojection of this mass 
also passed tluougli ]usl beneath the endocaidiuni m a position coi i espondmg 
to the junction of the musculai portion of the xamliiculai septum xxith the 
membi anous poition of the septum This mass piojectcd foixx'.ard in tlie uppei 
poition of the septum foi a distance of 12 nun fiom the base of the onginil 
c ileai eous miss and occupied theiefoic the position of x poition of the bundle of 
His as it passed tluougli the xentuculai septum bcfoie dividing into the bianc!«s 
foi the left and right venti ides This mass, therefoie, extended foi about 1 
cm m the position of the bundle of His and ended about xvhere the bundle divided 

.30 Falir Viiehoxv’s Arcli f Path Anat , 1907, cKxxxnn, 5G2 




» ' \ 


Fig G — lo tlit? left of the pictme is seen the 
fibious auiiciil.ii septum In .inching into the auiiculo 
yentnculai fibious septum Below this in about 
the centei of the pietuie is the small yellow band of 
muscle fibeis of the bundle of Hi« Aboie this 

bundle and to the light of it almost completely 
siiiiounding it is the calcaieous nodule pi easing on 
it in seceial aneetions Beyond this to the light is 
the 1101 mal lieai t muscle These sections y\eie made 
fiom Segment C' Figme -± (Di T M Wnght ) 
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into its two ventncular blanches It must have mteirupted the impulse fiom 
the auricles to the ventricles com eyed tlnough the bundle of His 

Theie was another smaller caleaieous nodule just at the postenoi aoitie 
cusp This cusp was slightly shrunken and caleaieous and theie aie a few 
atheromatous patches in the aoita 

CORONARY ARTERIES 

The transveise biancli of the left coionary aitery was completely caleaieous, 
for a distance of 4 5 cm it foims a ngid tube, but its lumen was not complete'y 
obliteiated as it admitted a probe of a little less than 1 mm m diameter 

The descending branch was not completely caleaieous, but it was thickened 
and compai atively ngid for a distance of 3 5 cm as it descended to the apex: 
It would also allow the passage of the piobe mentioned above 

About 4 cm fiom the ongm of the aorta, the light coionary aiteiy was film, 
bony and rigid foi a distance of 1 S cm This ended just as it dmdes into the 
descending and transverse biancli and the tiansveise branch continued as a 
thickened tube, -while the descending biancli was veiy toituous 

The main branch of the light coionaiy aitery fiom its oiigm to the ngid 
poition was simply thickened The color pliotogiaph, oi Figuie 2, show s the 
calcareous mass piojecting fiom the base of the initial vahe, piojections fiom 
which invaded the aiea of the bundle of His 

MICROSCOPIC EXAMINATION 

For the pui pose of mieioseopie examination a block of the hcait tissue was 
cut fiom the specimen which involved piactically the entne couise of the bundle 
of His tlnough and beneath the aunculoventiiculai septum, which also included 
its branches for the left and light ventricles 

The pliotogiaph seen m Figuie 3 will show this block of tissue as newed 
fiom the left ventricle In tins plane it is seen to include the endoeaidium 
covering the left ventricle at the extreme uppei poition of the ventneular sep- 
tum and also the annulus fibrosus oi aunculoventriculai fibious ling above 
This block was divided into tlnee poitions, winch are lepiesented in Figuie 
4, called, l espectively, Segments 1, 2, 3, fiom the numbeis at the upper plane 
.of each segment Each of these planes is lepiesented by an niegulai figuie, 
(B, C, D, E, Fig 4), leseinblmg a tuangle whose sides aie foimed by the endo 
caidium of the light and left ventncles, and whose apex is the uppei end of the 
fibrous aui iculoventriculai septum 

The ongmal block at the uppei poition of the plate shows the endocauliil 
suiface of the left aentnele, and the iriegulai nodules of caleaieous material aie 
well indicated as projecting out into the cavity of the left ventncle and causing 
megular projections of the endoeaidium It can also be noted that the cal- 
careous matenal leally foims ail niegulai column which mns fiom right to 
left just where the aunculoventiiculai fibious septum joins the ventnculai 
septum forming a gioove for the bundle of His, and tins can be vended bj 
examining the segments of the ongmal block bv means of a small hand lens 
This appeaiance is indicated by Sections B, C, D, E m Figuie 4, winch show 
ci osS sections of the ventricular septum ending m the apex foimed bv the fibrous 
aunculoventiiculai septum At a m Figure 4 B, the bundle of His is seen 
branching fiom each ventncle, the long strip b foinnng the biancli foi the left 
ventncle This is just beneath the endoeai nun while the branch foi the light 
ventncle c is deepei down beneath the suifice of the light ventncle Although 
•this poition of the bundle is farthest away fiom the calcareous nodule at the 
bise of the initial valve (Fig 3, B) vet the column of caleaieous matenil hv» 
extended along the couise of the bundle as fai a« this point and a cm ill point 
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of tins maternal tan bo soon af H Tin*: tom lies the upper prut of the left 
blanch, but piobahh this did not overt nin pi casino on the bundle of His at 
this point, wheieas the deposit neaiei the original source of the calcareous m,a- 
tciial not onij pies«cd on the bundle but ippaunfh in places almost ontneh 
lcplaced it 

Hie direction and situation of Segment 2 (Fig 4 A) is indicated in the 
oiigmal block labeled natuial si/e In the dotted lines mniked 2 2 On Mewing 
this on cioss section as C, Figuie 4, a small nodule is seen to the right and 
below the bundle, hut in Segment 3 (Fig 1, ])) the entiie legion of the bundle 
of His at a is imohed in the deposit of lime ‘•alls The plane of this section 
is seen at the dotted hues 3 3 in the oiigmal blocks 

In E, Figuie 1 the mass of lime salts is c\on largci, and in both of these 
situations it will he seen fiom futuie studies of microscopic sections that the 
pies«uic excited In the deposits pioduced atiopln, fibrosis and m one place 
almost a complete obliteiation of the bundle of ITis This plate (Fig 4) in 
itself shows aei\ elcaih how the lesion niu-t lm\e mtei feied with the normal 
com sc of impulses fiom the .unifies to the \ collides 

m scrtii’Tio.x oi wrcnoscoric srcuovs 

Senal sections woie cut fiom three ditTcient places m each of these segments 
Figuie 4 B C D, E, show the plane lepiesenting the dueclions of tlie sections 
and thc\ can he seen Iheicfoic, to pass Hi tough the junction of the upper pait 
of the inlcnenlneulai septum with the annulus fibiosus or fibrous ring befnveen 
the auueles and ■senlneles Since the bundle of His passes dirceth through this 
junction tian«\eiso sections weie made thiough the bundle of His thioughout 
its entiie extent until the bundle blanched foi the light and left -solitudes, 
oblique and longitudinal sections weie of comse, made thiough this lattei aiea 
of blanching 

Section D (Fig 4) was made fiom Segment 3 at a point faitliest from the 
blanching of the bundle and neuost, thciefoic, to Point B soon m Figuie 3, the 
photogi iph of the gioss specimen 

The entire aiea occupied by the bundle of His was mfiltiated by a calcareous 
mnteiial, a poition of which stained blue with hematoxylin At fust sight it 
would appeal that the entnc bundle of His had been obliteiated, but on dosei 
inspection theie w r as found a nanow stup of musculai tissue suiiounded on all 
sides by ealcaieous mfiltiation or newly foimed fibrous tissue 

This mass was about 0 05 of an inch long and about 0 01 of an Inch in width 
as measuied by the miciomclci scale wdioieas the noimal bundle is 0 1 of an inch 
m diametei 

In othei sections fiom this same segment the ship measuied only 0 03 of an 
meh m length, but was appaient in all sections fiom this end of the segment 

A second set of sections wms cut fiom the middle poition of this segment. 
No 3, and m some of these sections the bundle showed gieat atiophy This 
measuied 0 04 of an inch m longitudinal diiection but was 0 025 of an inch m 
cioss diametei It contained a few r strips of newly foimed fibious tissue, show 
mg typical fibious myocarditis 

In other sections cut from this part of Segment 3 the tlnn strip of the 
bundle of His appeared m about the eentei of the ealcaieous aiea, it was 0 05 
of an inch m length and 0 02 of an inch m thickness In othei sections cut fiom 
this same block the bundle of His at fiist sight seemed to have entnely disap 
peaied but on fmtbei examination small gioups of cells yveie found winch 
seemed to be mere lenmants of the ati opine bundle of His Many of these re 
sembled connective tissue cells while othem, when examined with the mnneision 




Fig 7 — To the left and aboie is the led connective tissue 
of the fibious ling, and m the centei of the pietuie is the small 
ati opine band of jellow muscle fibeis of the bundle of His 
It is sunounded on all sides by calcaieous maternal and also 
shows maiked fibious mjocaiditis, as indicated by the led 
bands of eonnectne tissue This section was made fiom the 
Segment T), Figure 4 (Di T II Wnglit ) 
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Fig S — Tins shows the bundle of His xn the centci of the 
pietiue as yellow muscle fibexs It is im ailed by the led 
bands of connectxce tissue, and suuoundcd on all sides by 
calcaicous niatenal (Di T M Wiight ) 
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lens showed the laige nucleus of the heai t-muscle fibei sunounded by the 
fibnllai piotoplasm of the heait muscle 

In the sections fiom that pait of Segment 3 neaiest to the blanches to 
the rentiicles the thin strip of the bundle of His measuied 0 07 of an inch m 
length and 0 02 of an inch m width , m othei sections fiom this same aiea the 
bundle only lemamed as thin atioplne bands of muscle fibeis sunounded by thick 
stiands of connects e tissue These muscle fibeis had almost completely 1, lost 
then cioss-stnations, but iveie piobabh able to pieseive the continuity of the 
bundle 

In Segment C, Figuie 4, cut as the cential block of the thiee poitions, into 
which the ongmal block of segments w r as divided, somewhat different condi- 
tions weie noted In sections taken fiom that poition of the block fuithest away 
fiom the blanching of the bundle of His foi the ventncles the calcaieous mill 
tiation aiound the bundle of His was much smallei m aiea, and it had not 
nnaded the bundle One small calcaieous mass w r as found on eithei side of the 
bundle between the fibious tissue capsule and the endocaidium of the right and 
left ventnele lespectively The bundle itself is sui rounded by a thick connectne 
tissue, sending numeious blanches m between the museulai bundles themsehes 
The bundle m this legion measuied 0 02 of an inch in the dncction fiom the 
aunele to the lentucle oi fiom base to apex, m the dnection fiom the light to 
the left \entncle it measuied 0 OS of an inch 

In sections which wane made fiom the middle of Segment 2 the bundle meas 
uied 0 03 of an inch fiom apex to base and 0 OS of an inch fiom tentucle to 
seiitnele Theie wane tv r o small calcaieous aieas m the connective tissue sui- 
lounding the bundle and a very small one m the fibious auiieuloventnculai sep 
turn, but tlieie v r as no etidence of piessuie on the bundle it c elf by' tliese masses 
In sections made from that pait of Segment 2 neaiest the blanching of the 
bundle foi the ventncles, the bundle of His again became smallei, vdnle the 
calcaieous deposits weie much laigei , in places these had entiieH teplaced the 
connectne tissue capsule udiich sepaiated the bundle fiom the yentiieulai sep 
turn Tliev had e\en nnaded the bundle at its penplieiv and thev must ha\e 
pioduced piessuie on this stiuctuie, the bundle measuied 0 015 of an inch m a 
dnection fiom base touaud apex and 0 00 of an inch m a dnection fiom ien- 
tncle to reiitncle In othei sections fiom tins same aiea the atiopln of the 
bundle was even moie pioiiounced, foi it measuied only 0 01 of an inch from 
base to apex The changes in the bundle of His itself which weie seen when 
examined undei the lngli powei weie eeitamly pioduced by the piessuie of the 
calcaieous mateiial on the bundle, this had pioduced elnonic fibious myocaidi- 
tis When examined by Van Giesens stain, both laige and small bands of fibious 
tissue weie seen travel smg the bundle The museulai fibeis of the bundle weie 
nanovei than noimal, measming about 0 0003 of an inch, while the muscular 
fibers of the legulai lieait muscle measuies 0 001 of an inch m bieadth 

The aitenes in the bundle of His showed maiked eiulaiteiitis, the ealca- 
leous mateiial suiiounding the bundle was typical, and this was sunounded by a 
thick fibious capsule with reiy few r fibioblasts, but m ceitam aieas there weie 
nunieious clenselv packed fibioblasts foinnng small gioups, m places these were 
moie loosely packed, gmng the tissue a myxomatous appearance 

In ceitam poitions of the bundle made fiom Segment 2 there were gioups of 
fibioblasts and a few fat cells The smallei stiands of connectne tissue could 
often be seen sui rounding indnidual muscle fibeis pioducmg maiked atiopln 
The sections fiom Segment 1 showed the bundle aftei it had branched from 
the right and left aentricle, these blanches showed some fibroin myocarditis and 
a newly foimed fibious tissue at times containing fine gianular deposits of lime 
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cn hs 'J he pennmlenr ‘■pucs of the muscle films showed numerous fine light 
brown grnnules thin nc lei islie of hi own nliophi 

wmiiu. (owinios oi in Mtr wusert 

Sections weie examined fiom sevcial poitions of both amides and \ontiicles, 
hut with the exception of ntaiked biown nlroph\ and sin i\ cling of the nuclei 
of the lienit muscle no othci changes weie noticed Sections fiom the coronary 
nilor\ or its blanches showed maiked clnonic filirous endarteiitis, in places the 
ultima being twice is tliuk as the media Whetliei the dcatli of the patient w T as 
produced 1>\ the discise in the bundle of His or h\ eoionau aiten disease or both 
is difficult to ‘-■u 

COXCI USIOXS 

Fiom what lias been c aul it can be seen that the ptnnaiy lesion m tins 
c.ne consisted m maiked calcaicous mfiltiation of the aunculoventiicu- 
lai gtoo\e and its suiioundmg muscnlai and fibious tissue This pio- 
duced pic-suie on the bundle oi 1 Ti=, causing extensne filnous mjocaidi- 
tis with atiopln of the imisculai fiheis r riiese condiiions must bate 
mteifeiod with the noimal tiansimssion of the musculai impulse from 
the aunties to the tentnclc*, thus pioducmg the s)inptoms desenbed m 
tlie papci 

■\Ve desne to thank Dis Itot/ei and TTn=chfeldei loi then mteiest 
in this case, and Piof T W Simon and Dr T 51 AVnght foi the coloi 
photogiaphs illustrating tins aiticle 

214 East Pxesfon Stieet — 1039 North Calvert Stieet 



TEICTTSPID STENOSIS, WITH REPORT OF A CUBE 

W W HERRICK, MD 

NEW YORK CITY 

Among the hundred and eighty-seven cases of tucuspid stenosis 
found m the literature m hut ten eases was a conect diagnosis made 
clinically In view of this fact it seems worth vhile to lecoid such a 
case m which the clinical diagnosis was confirmed at autopsy 

Patient — A housewife, aged 35 

History — The patients father died of heart disease The patient had 
measles, mumps, pertussis, scailatma, diphthena twice, and smallpox, all m 
childhood, at 10 and 27 acute aiticular iheumatism, involving knees, ankles and 
w i ists 

Onset of Piesent Illness — The patient was first admitted to St Lukes Hos- 
pital, April 20, 1905, giving lustoiy of shortness of breath, palpitation and ob- 
served megularity of heai t during the past foui yeais Tlnee years before ad- 
mission the abdomen began to swell and was first tapped one year later Tapping 
v r as lepeated four months, and again six weeks before entering the hospital The 
only complaint tlnoughout this penod was slioitness of bieath “when the ab- 
domen was swollen ” 

Fust Physical Examination (Apul, 1905) — Heait Apex m fifth space, 
4*4 inches to the left of mid sternum Right border 2% inches from mid- 
sternum in tluid space Action regular East apical sound loud, second pul- 
monic, not accentuated Second aoitie inaudible At initial aiea, and, tians- 
mitted to the left, a blowing systolic murmur At aortic area a pronounced sys- 
tolic thrill and a double murmur, a systolic, loud and harsh m quality, trans- 
mitted upward and heard m vessels of neck, also o\er greater part of anterior 
chest, and, postenorly, between scapula;, a blowing diastolic ti msnutted dowm 
left boidei of sternum 

Pulse Small, regular, model ate foice Veins of neck distended, pulsation 
not lemarked Systolic arterial pressure 120 mm 

Chest Small fluid accumulation at both bases 

Abdomen Enormously distended, signs being those of laige amount of fluid 

Extremities Edematous, indurated, pigmented, supeificial veins dilated 

Following aspnation of 592 ounces of fluid fioni pentoneal canty, friction 
fiemitus was noted oiei lner, edge of which was palpable thiee inches below 
costal bordei 

Remission — Impi oi ement was lapid, the patient left the hospital and was 
not lieaid fiom until o\er two icais latei In August, 1907 she was lcadnntted 
complaining of edema dvspnea and weakness 

Second Physical Examination (August, 1907) — Heait Apex m fifth space, 
414 niches to left of mid sternum Action megulai intermittent pool force 
At apex a lumbling presjstolic murmur and blowing s\=tolic murmur, a loud 
fust sound At aortic area a double niuimur a sjstolic of rough, intense quality 
tiansmitted upward, heard 111 vessels of neck and a diastolic referred down 
sternum and also heard m second and third left interspaces In fourth and fifth 
spaces to light of sternum a soft, blowing s\ctolic of icii difleicnt qualitv from 
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.qmnl imnimu of same plnse, and n ^napping, xahtilir 'second sound Emht 
boidct 2 inches f i oni mid ctoi mini m third mtoispice Epigastuc pulsation 
muked Veins of lieek widch distended, hul without usdde pupation 
Pulse Iiiognlni small, of pool force, tension 10"5 mm 
Morin ate eflnsion in right plemal spice 

Ahdomen Ciicumforciue b2 inches s\ mmetiieil tense showing distinct 
signs of fluid 

Extremities Mukorih edematous excoriated ulcerating 
(linual Com sr — lit st m lied, abdominal paracentesis digitalis and moiplnn, 
is the onh theiapeutic me ism os enabled the patient to sit in a chair after 
twehc (H\s and she was soon walking about (he waul In the intenal from 
\ugust 2(i to Xoienilici 1(5, the abdomen was tapped eleien times and a total of 
> ounces of fluid lemoxed There was constant diffuse ccanosis of the entire 
bodv, lmt slight edema of the extremities aftei the fust week, and little or no 
d\ spnea except when the ibdomen Ijeeame gieath distended with fluid Leautig 
the hospital Vmemhit PI07 the pitient continued in comfort until Maicli 
PIOS, when nseiles compelled her return The cardiac signs were the same as 
picMoush except that a diastolic mnimur of qualiU thought to be difTerent fiom 
that lieai d at the loitic area was noted at the ensifonn 

Z)i«c/»iosis — Amtic stenosis and msuflieieneN with mitral insufficient had 
been the most ficqucnt diagnosis during the patient’s stac in the hospital The 
piesence of ,a liiciispid stenosis suggested itself to me in 1007, and was affirmed 
posilneh and mdcpemlenth In Pi Van Horne Norne, on whose sen ice the 
patient came to autopsj, and In whose eomtese I am able to publish this report 
Aiffopw/ — The patient died Apnl 30, 100S Hie autopsy, by Pi Zmssei, 
show eel 

lieai t Apex m scccnth space, 4 y_ inches to left of mid sternum Eight 
bolder /, incli to right of right sternal maigm Peueaidial sac totally obliterated 
hi \en firm adlicsne pencaiditis Eight auricle and -ventiicle much dilated, 
walls llabln and tlun Tricuspid \ahc segments much thickened, aclheient at 
angles foimmg a film ling about niniculoceiiliiculai o])ening winch admitted 
w’ltli cbfiicultv tips of two fmgeis, and foimmg distinct stenosis Pulmonam 
aahes normal Left xentnde gieath In, pci ti opined showing interstitial lino 
caiditis Aoitic xahe adheient, maiked thickening of xahe segments with le 
sultant button bole stenosis Mitial xnhc with funnel stenosis admitting one 
fingei No ficsli -vegetations on endocardium 

Left pleuial caMtv Laige amount of fluid Left lung thickened, atelectatic 
compiessccl to one fifth noimal volume 

Eight lung With adhesive pleuusy of long standing 

Abdomen Peiitoneum universallj thickened, m aieas showing fibnnous 
exudate 

Livei Weight, 2,890 gm , maiked penhepatitis ( Zuckei gusslehei ) , clnonic 
congestion, cmhosis of pronounced degiee 
Spleen Very large, marked perisplenitis 
Kidneys Large, soft, congested 

To become convinced that tricuspid stenosis is not a laie lesion one 
has to leview the obseivations of the man} wlio have described the con- 
dition since Duroziez, m 186S, fust brought it convincingly to notice 
The subjectne and objective evidences of the condition have been m the 
com sc of time foimulated until a fanly definite clinical pictme maj be 
dinun This has been well done by J B Ileinck 
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The ease lepoited 3. ell illnsliates the mipoitant featuies of the condi- 
tion A woman having a histoiy of aente aiticnlai lheumatism 01 choiea, 
piomment among w hose symptoms aie persistent cyanosis of mucous 
membianes and skin, maiked tendency to edema 01 geneial anasaica and 
with lelatively little dyspnea, the signs of a initial stenosis without ac- 
centuation of the second pulmonic sound, often, in addition, an aoitie 
lesion an enlaiged light ventucle and auricle, distended lems of the 
neck, fiequently without pulsation These compuse the most constant 
diagnostic factois To them may be added Mackenzie’s obseivation that 
seien of these cases pioved at autopsy showed a livei pulse of the 
auiiculai type The muimui is veiy inconstant and more often absent 
than piesent In fact, very few of the cases carefully obseived and le- 
coided have shown the piesystolic murmui to the right of the sternum 
so insisted on by many As a positive sign such a muimui is confinn- 
atoiy, but negatively has no weight m the diagnosis All auscultaton 
signs aie so often obscured by the piesence of lesion of the initial and 
peihaps aoitie valves that very gieat weight can not safely be placed on 
them 

The lemaikable comfoit of these patients m the piesence of cyanosis 
a nch fiequently edema 01 general anasaica has been vei} often noted 
This is doubtless due to the effect of the nanowed light aunculoien- 
tuculai onfi.ee lessening the engoigemenr of the pulmonai} cn dilation 
and the consequent djspnea This same factor, by its tendency to 
equalize piessuie on eithei side of the pulmonaiy vahe, fuimshes a 
satisfactoiy explanation foi the fiequent absence of accentuation of the 
second pulmonic sound m the piesence of the almost univei sally accom- 
panying stenosis of the initial valve 

In Steeles collection of repoits of eighty -six cases a clnonic oblitei- 
atmg pencaiditis was present m seten Bioadbent, Kassen Beck Coclw 
and Chadboume also recoicl one each These togethei with the case 
lieie lepoited make a total of twelve showing this condition 

Diuoziez m 186S, Leudet m 3 888 and J B IleiiKk in 189? hate 
summaiized the cases of tncuspid stenosis, the lash-namecl tabulating 
one bundled and fifty'-four In lenew mg subsequent liteiatme I haie 
found leports complete oi incomplete, of flinty -three additional cases 
These include eight collected by Sattei thwaite m 1902 
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sum Main oi 

m rom » cam s to dati 

Se\ — 


Age — 

Male 

38 

10 to 20 a ears 

Female 

173 

20 to 30 jours 

Sev not known 

10 

30 to 40 aears 



40 to .70 aears 

Pieuous ITiston — 


70 to 00 aears 

Blieuniati«m 

01 

00 to 70 aears 

Doubtful rheuinatisin oi < horea 

11 

Xot known 

Xo rheumatism 

33 


Not known 

82 

Tot il eases 


Association of Vnliulni Lesions — 

'Iruuspul alone 

Tricuspid and mitral 

Tticuspid and aoitie 

Tncnspid and aoitu and pulmonary 

'Intuspid and endoc irdunn of loft auricle 

Tntuspid initial and pulmonai} 

Total p'hpi 

Cases showing adherent peiicardium 

nun loiat \ imi\ 

Dm 0 / 10 / On/ d hop ISOS \li 310 
I cutlet Thftsc do Paris, 1SSS 

Ilemck J 13 Boston Mod and Sin" .Tom , 1S07. cwwi, 24 7 

Sattcilhaaaite Med News, New Yoik 1002 l\\\i, 440 

GiiflUh Edmbuig Med Jour 1007, mu 112 

Baijon and Thenet Lion mCd , 1000 can, 112 

Hit? Arcli gCn dc mCd , 190G, i, 14 

Ciooni Edinbuigh Med Jour, 1007, uni, 231 237 

Cocks Post Graduate, 1000, vsi, 343 

Gibson Tr ftfcd Chir Soc , Edinburgh, 1005, \\i\, 195 

Cohn, Emst Em Fall a on Tneuspidalstenose , Leipsic, 1883 

Post, J Uebei Tneuspidalstenose, Wur/buig, 1SD1 

Fenwick Ti Path Soc, London, 1SS1, \\\n, 42 

Chadboume Am Join Med Sc , 1900 c\i\, 300 

Mackenzie The Study of the Pulse and Moaements of the Ileai t, p 

Steele Philadelphia Path Soe Bep , 1890, ix, 200 



THE IXHIBITIOX OF PAXCEEATIC ACTIYITY BY EX- 
TEACTS OF SUPEABEXAL AXB PITUITAEY BODIES 


RALPH PEilBEETOX M D , ami J. EDWIX SWEET M D 

PH3XADELPHI--L 

( From the Pepper Laboratory of Ciimeaf Afediune and the Laboratory of E : 
penmental Surgery University of Pennsylvania ) 

The accompanying records are illustrative of the article by the 
present authors on ‘"The Inhibition ot Pancreatic Activity by Extracts 
of Suprarenal and Pituitary Bodies." appearing m the Archives of 
Interval Hedicese Yol I. Xo 6, Juh. 190S. pages 628-647. The} 
show the inhibitor.' effects 0 { the intravenous injection of extracts of 
the suprarenal and pituitary bodies into dogs vho-e pancreatic juice ha 2 
been excited bv secretin 

It is to be regretted that it is impossible to repioducc more of the 
record 1 , especially those which illustrate the prevention of excitation of 
pancreatic Sow when the dose of secretin is preceded by an injection of 
suprarenal or pituitary extract Under these circumstances the inhibi- 
tion is more marked, but its proper exposition requires the consideration 
of a number of lengthy control records whose publication is imprac- 
ticable. This is also true of those records which illustrate the inhibitor} 
factor of suprarenal extract 2 a= something apart from the effect on blood 
pressure. The reproduction of still other features 1 = omitted for the 
same reason. 

In the accompanying chart the upper line in each scnc= of tracing- 
represents the respiration as recorded by a manometer in the trachea, 
the next line represents the blood presssnre as recorded b} a manometer 
in the femoral artery: the line next to the lowest marks the time m 
seconds, and the lowest line records the mj'ection of =ccre:in and the in- 

[Th rough an oversight on the part of the Editor, the charts vouch acc-om 
panied article by Drs Petnhertor and Sweet CApchives vol i. Xo G) were 
omitted. They are here indeed as a supplement — E ditor] 
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iec i ion of oxinui 5 , both of which aie mailcod In a tuple intenuplion 
of its contimuh Tlu« line nl=o maiks the flow of pnnoieatio iiuce each 
isolated mlei iupt ion indicatin': the flow of the |inee pa«i a diusion 
m a iked on a gla^s uinula miioduced into the panciealic duct 

It should be staled foi a piopei undci landing of the iceoids that 
tiie noimal 1 espouse to the gnen dose of =ceietm is a piolongcd flow of 
panciealic juice, lasting sometimes main minutes in contia^t to which 
the accompanying lccoid 5 of flow <diow a distinct slowing and eaily ce=- 
sation Space will not peimii of the lepioduclion of c ucli a lengthy trac- 
ing a? the noimal 

Theuppci senes of turning* show* the -loppage oi panciealic flow bv 
an extinct of the pitiutan body of dog 5 with a coincident high use m 
blood piessuie 

The middle senes shows the =ame following an injection of adienahn 
The lowest senes diows the liihibiloiy effect following an injection 
of pituitaiy extinct with a \ciy slight use m blood picssme 
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THE TREATMENT OF THYROIDISM BY A SPECIFIC 
CYTOTOXIC SERUM 

JOHN ROGERS and S P BEEBE 

NEW YORK 

During tlie past two yeais a large numbei o£ cases of hypeithyioidism 
have been treated with a specific serum 1 Pieliimnaiy papers 2 have been 
published dealing with the preparation of the seium and the thoiapeutio 
lesults obtained by its use In the piesent paper we piopose to discuss 
Hie questions arising fiom this study from the standpoint of accumulated 
expei lence and it is hoped to make the method so plain that any physician 
may undei stand the rationale of the treatment and the special points to 
be observed m its application Theie aie two fundamental piopositions 
to be considered, viz , the natuie of the seium and the natuie of the dis- 
ease These will be considered m ordei 

THE SERUM 

"We have called the seium which ue have used specific because ue 
believe that it has a special action on the thyioid gland, and it is nece=~ 
saiy for the aigument that the grounds foi such belief should be le- 
viewcd It is now a well-known and umvei sally admitted fact that 
the proteid of each animal species has a chaiactenstic physicochemical 
structuie, m other words, it is specific The chemical methods by tv Inch 
differences m stiucture are determined have not as yet been lefined to a 
sufficient extent to rendei it possible to make a chemical distinction 
between pioteids fiom closely related species of animals, but the method 0 
employed m immunity investigations of the last few years have been 
thus refined and then reliability has been demonstiated m such degiec 
that the lesults obtained by these methods aie accepted by most mvesti- 
gatois as demonstrating specific chaiacteis of the pioteid m each animal 
species This specificity is not absolute, foi it has been found that a 

’'Tins article lepiesenls the Mutter Lectmc which was delnered befoie the 
College of Physicians m Philadelphia Dec 13, 1907 

1 It will he recalled that the seium to -which we refer is made by inoculating 
animals (rabbits or sheep), with the puie proteuls from the human thyroid gland 
In the beginning the proteids weie obtained only from goitrous glands, but more 
recently the proteids from normal glands haae been used successfully 

2 Beebe, S P Preparation of a Serum for the Treatment of Exophthalmic 
Goitei Jour Am Med Assn 1900 xln 487 Beebe Tr A«sn Am Pin = 
1900 p 54S Rogeis, John The Tiealment of Unionism In a Specific Scum 
Tom Am Med A=sn 1900 Ahn GTo 
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scrum made against the proteid of a given species will show a miM le- 
aetion against the serum from closety related species, but h} r obsei vmg 
the time and the dilution m which the reaction takes place it is possible 
to distinguish shaiply between species Heterologous pioteids, that is, 
proteids from different species, may be leadily separated by means of 
these seium reactions, and it seemed to us reasonable to believe that a 
method capable of making such fine distinctions would enable one to 
differentiate between homologous proteids, that is, between proteids taken 
from the diffeient oigans of the same species The widely vaiymg func- 
tions of the diffeient organs aie dependent on the physicochemical struc- 
ture of the various cells which compose them, and it would seem theie 
must exist sufficient individuality of structure m oigans which have such 
widely vaiymg functions as the liver and kidney to permit of its recogni- 
tion by the highly selective biologic method One of the most suggestive 
reseaich.es m this line was that of Uhlenhuth,'* who found it possible to 
differentiate sharply between the pioteids m the white and yolk of the 
egg by means of a serum made against one or the otliei of these proteids 
He found that it was possible to get a mild reaction to the proteids of 
the yolk by means of serum developed against the proteids of the white 
of the egg, but only slowly, even m high concentrations of serum, so that 
m point of time and m delicacy the reactions of these homologous proteids 
against then own serum was specific 

If the serum is developed by injecting the pulp of an organ into 
some alien species of animal, we shall develop anti-bodies against all the 
pioteids so introduced, and it is obvious that such a serum must contain 
a number of factors Ceitam of these may be specific, since they are 
developed against the proteid which is found only m the particulai organ 
in question, while others, such as those developed against the blood, 
must be common A very laige number of experiments aie now on 
recoid which support such a conclusion, but m many of them the specific 
action is so obscured by the common action that its demonstration has 
not always been satisfactory In a paper published tlnee yeais ago by 
one of us 4 this question was discussed and the reasons were given for 
choosing certain pure proteids — viz , the nucleoproteids — from organs 
as nearly blood-free as practicable, for developing specific antiseium 
Reasons weie given m that paper for believing that relatively more of 

3 Uhlcnlnith Zur Lelire von der Untersclieidung versehiedenei Enveissarten 
mit Hilfc specifischen Sera Eestsehift, Geburtstag von Bob Ivocb, Jena, 1903, 
p 40 

1 4 Beebe, S P Cytotoxic Serum Produced by the Injection of Hucleopro 

teids. Jour Exper Med , vn, 733 
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the specific factors and less of the common element were produced than 
by including the whole organ pulp in the injected material The specific 
action of such serum has been deteimmed by the piecipitm test, the 
agglutinin test, and by injection of the seium. m vivo The precipitin 
test is v, ell known The agglutinin test is similar to that employed in 
bacterial leaetions, except that a suspension of finely divided tissue frag- 
ments is substituted for the bacterial emulsion Such reactions m viti o 
show that homologous proteids may be differentiated shaiply from one 
another In point of time and m completeness of the reaction the seium 
is specific When introduced mto the body the reactions are specific m 
the seme that severe lesions can be piodueed m the selected oigan without 
causing a corresponding lesion m other organs 

The serum has at least two factors first, the factoi common to 
pioteids of all the organs of the bodj-, and to a lessei degree the pioteids 
of closely 1 elated species, second, the specific factoi acting on one pai- 
ticulai oigan We have found it possible to demonstiate these tv o factoi s 
by means of absorption expeiiments If we inject dog-ladney nueleo- 
pioteids into a rabbit we pioduce a seium which gives a mild reaction 
with dog seium, also with proteids from the dog’s livei 01 other oigans, 
but a veiy marked reaction with kidnev proteids If we now add to 
this seium a considerable quantity of dog-livei tissue ground to fine 
hash and allow the two to stand in contact for a few houis m the refug- 
eiatoi, and then filter, first through paper, and latei through a Berkefield 
candle we find that the common factor of the serum has been removed 5 
Such serum no longer has any precipitating or agglutinating effect on 
livei pioteids 01 suspension of liver tissue fragments, nor does it act on 
any other proteids except those from the kidneys, and on the latter its 
action although very marked, is somevhat less than before the absorp- 
tion By the addition of a large number of v ashed erythrocytes, one 
may also absoib the common factoi Such absorbed serum mil cause 
kidney lesions uhen injected intravenously mto the dog's circulation. 
If, however, one absorbs the kidney serum with kidney tissues one finds 
that the specific factors and the common factors have both been removed c 
The seium which has just been described uas made from organs con- 
taining a small amount of blood, and one of the criticisms v Inch ha= 
been made of tins vork is based on the fact that the serum itself is 
slightly hemagglutmative and hemolytic The lesions found m the body 
aftei the injection of such serum are explained by these cnties (Pearce 

5 The lner tissues used, for tins purpose uere not blood-free 

t) Beebe S P Xueleoproteid Immunity Brit Med Jour 1900 p 17SG 
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and Jackson 1 ) bj r assuming that the serum lias caused the formation of 
small emboli of erythrocytes and that the lesultmg thiombi have caused 
anemic necioses The lesions which we founds however, weie not of that 
type, and moieover, they were pioduced also by serum from which 
hemolytic factors had Hist been absoibed m the manner descnbed above, 
ire conclude, therefoie, that they have been produced by a special organ 
eytotoxm We have some conoborative evidence that ihe hemolysins 
are not actively concerned m producing the lesions, viz , the plain un- 
absoibed serum is slightly hemolytic in vitio , and .yet when injected into 
an animal it invariably was followed m a few houis by the presence of 
an mci eased numbei of led cells m the blood and at 'the same time a 
seveie lesion was being produced m some specific oigan We have m 
such findings no evidence of blood destruction 

We have reviewed the principles of the seium at this length because 
it is of fundamental impoitance that we establish leasons foi believing 
that seium made fiom the thyioid gland has a special action on that 
gland, for obviously if the serum acts as much on the kidneys, the liver, 
01 the intestinal epithelium as it does on the thyroid, we have no logical 
ground 01 excuse foi using it m the tieatment of disease of the thyioid 
gland 

The methods followed m the making of the serum have Deen descnbed 
m a pievious article 1 and no essential change has been made during the 
last year 5 We are not yet fully acquainted with the differences between 


7 Peaico mid Jackson Concerning the Production of Cytoxic Sera by the 
Injection of Nucleopioteids Joui Infect Dis , 190G m, p 742 

8 The various steps m the pioduction of this serum are briefly as follows 
The fresh, human thyroid glands, which must not be preserved in formalin, or 
alcohol, or any substance which coagulates the albumin, are ground to a very 
fine pulp and extracted m several times then volume of salt solution made faintly 
alkalin with sodium hydroxid Extraction is earned on m a refrigerator foi 
twenty four to thirty six hours, and cklorofoim or thymol may be added to 
prevent bactenal growth The coarser particles m the extract are then removed 
by stiammg tluougli gaiwe, the filtrate centrifugated and filtered through papei 
A cleai extiact may be leadily obtained by filtering the strained extract through 
a Buchner funnel filled with paper pulp We have found that a very convenient 
method for precipitating the pioteids from this extract is to acidify with acetic 
acid to a concentration of 0 1 per cent, add a sufficient amount of saturated so 
dium cliloiul solution to make the concentration of the salt m the extiact 10 pei 
cent of satin ation and then heat to 44 degices C foi half an hour Under these 
conditions we obtain an abundant flocculent precipitate which may be readilv 
washed redissolved by the addition of a small amount of alkali and repiecipi 
fated by the addition of acetic acid The proteid is redissolved and reprecipitated 
tj n ee times, and is thoroughly washed each time The purified pioteul is dis 
solved in alkaline salt solution foi inoculation into the peritoneal cavity of the 
.. bblt 01 sheep in which we develop the serum From five to eight inoculations 
one week apoit aie given to each animal bcfoic the blood is withdrawn and the 
seium piepated in the usual method 
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a seium made fiom the nueleopioteid and that fiom the nucleopioteid 
and globulin combined, but mg aie still inclined to the belief that the 
serum fiom the nucleopioteid is more cytotoxic than that fiom the 
globulin, though the lattei pioteid is moie efficient m the development 
of antitoxins 

We wish again to emphasize the fact that the seiuni must be made 
liom human thyioid glands, because of the biologic specificity of proteids 
It would oe quite as logical to use tetanus antitoxin m the tieatment of 
diphthena as to use a seiuni made against sheep thyioid m the tieat- 
ment of a human subject We can get no evidence in vih o that such a 
seiuni has any antagonistic action against the human thyioid piotenls 
On this giound alone, theiefoie, the negative lesults which Muiia) 0 ob- 
tained m the use of seiuni made m a goat against sheep proteids are 
piecisely what should have been expected Oui seium has been made m 
sheep and labbits against the pioteids of the human thyioid gland 

One nevei leaches a condition of immunity at all compaiable with 
the immunity to a diffusible baetenal toxin Fiom thiee to foui times 
the initial dose of pioteid may be safely given at the end of the immuni- 
zation penod, but one can not go beyond this point 

Although the seium shows a high degiee of antagonistic action m 
vitio it does not m the immunized animal protect against excessive doses 
of the specific pioteid We have, nevertheless, data fiom some experi- 
ments winch indicate that it does have some powei of confemng passive 
immunity Six fiesli adult labbits w r eie kept undei observation foi 
some days to make suie that they were m a healthy condition One 
gioup of tlnee w r as then given foi two successive da) s 5 cc do-es of 
an active thyioid antiseium pieviously made m other labbits Theie 
w r as no leaction because of the biologic identity of the seium Twelve 
horns following the second injection of serum, all six labbits weie given 
laige doses of human thyioid pioteids The tlnec piotected labbits liad 
a nnldei immediate reaction and the late effects, such as loss of weight, 
weie much less marked m this gioup than m the non-piotected gioup 
Clmicall), we see acute toxic cases m winch the subjects experience veiy 
maiked and quite immediate beneficial results fiom the injection of the 
antiseium, a result quite sinnlai to what we should expect if we weie 
neutralizing a toxic substance Obviously we can not lie so eeitam of oui 
ground here as w T e can m a laboratory expeiiment m winch wo can 
contiol matters so as to have fewer unknown factois 

9 XEurrav Lancet, London Xo\ 11, 1903 
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THE DISEASE 

In orn previous paper 10 we liave outlined the evidence for believing 
the symptoms of the disease to have their origin m a condition of hyper- 
activity of the thyroid gland Such a mode of origin is a fundamental 
premise m 0111 treatment of these cases with an active antiserum designed 
to neutialize the toxic effects of thyroid proteid in the circulation, and 
also to inhibit the secietory activities of the gland The symptoms of 
thyroid cases, tiemoi, neivous in liability, tachycardia, dianhea, perspna- 
tion, lapid loss of weight, have all been pioduced in animals and also 
m the human subject by the admmistiation of thyroid preparations 
The almost constant occunence of goitei, the histologic appearances 
indicative of increased activity, and the greatly incieased cnculation 
through the gland vessels, together with the amelioration of the condition 
by surgical removal, are additional arguments that the gland is a funda- 
mental factor m the disease The large relative lymphocjdosis, and the 
diminished excretion of kieatmm with increased output of laeatm aie 
the usual findings m the typical well-developed patient with Basedow’s 
disease, and these blood findings have likewise been produced by the ad- 
ministration of thyroid preparations to healthy animals 11 A discussion 
of the etiology of the disease is not within the scope of the present papei, 
and we accept provisionally the theory that m typical cases the charac- 
teristic symptoms have tlieir ongm mainly m the hypersecretion fiom the 
tlryroid gland 

There are certain limitations to our knowledge m this matter, how- 
ever, which should be pointed out It is not known whether the 
physiologic activity of the gland is dependent solely on the iodized 
proteid therein contained, and, if so, wliethei the activity is measured 
by tne quantitative amount of 10dm present As has been pointed out 
elsewhere, there is an increased amount of nueleoproteid 12 m the gland 
m Graves’ disease, but this is a function of the cellulai hjperplasia and 
we do not know whether or not it has any significance m the physiologic 
action of the secretion 

There is no experimental evidence to determine whether or not the 
secretion from the gland in Graves’ disease has more or less physiologic 
activity than the normal gland or whether the secietion is so alteied m 
character as to have an entirely different sort of action, and m the dis- 

10 Beebe, S P Tr Assn Am Pliys , 190G, p 548 

11 Perry Some Studies of the Blood in Thyroid Feeding in Insanity, Med 

Bee August, 1906 . 

12 Beebe, S P Physiology of the Thyroid Gland m Its Relation to Exopli 

thalmie Goiter, Jour Am Med Assn, Oct 5, 1907, xli\, 1155 
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eased condition we mnst consider the possibility of a defective function- 
ing of other organs which noimally are stimulated by the secretion “We 
have very few methods of estimating the physiologic value of the secie- 
tion under normal conditions, the measurement of the protective powei 
to acetomtril poisoning proposed by Reid Hunt 13 being the only one 
having quantitative possibilities 14 Until the normal physiology of the 
gland is better understood we can only deal with the surface indications , 
and these point to the thyroid gland as one important souice of the 
symptoms m typical cases of h} perthyroidism 

Graves’ disease presents a gieat variety of clinical pietuies which m 
many instances vary so widely from the typical text-book description as 
to be seaicely recognizable It has been obseived for many years that 
there is often a progression from a typical Giaves’ disease through a 
mixed, indefinite type to a characteristic condition of myxedema These 
clinical conditions are the accompaniment of changes m the pathologic 
structure of the thyroid gland 

Ewing 15 has described four distinct types or stages m the natural 
history of the thyroid gland of Graves’ disease 

1 In the early stages of the disorder, only hyperemia with mciease 
of colloid showing diminished staining reaction with eosm Micro- 
scopicalty the gland may show no gross changes 

2 Hyperemia with increased colloid, and cellular hyperplasia 

3 Extensive cellular hyperplasia, with increase of imperfect alveoli 
lined by large or giant cells, and neaily complete loss of colloid 

4 Late stages with fibrosis, atrophy of cells, sclerosis of vessels, 
kemoirhages and cysts 

There is thus a complete senes of changes from the thyroid of earlv 
Graves’ disease to the pionounced alterations of 1113 xedema, with many 
intermediate forms, especially m the older cases It is obvious that the 
symptoms accompanying changes of such diversity must vary extremely 
and it is not to be expected that any one treatment, however effective it 
may be m one stage, can be equally applicable to all stages or types of 
the disease Moreover, as the disease progresses, complications may 
arise m other organs, as, for example, chronic myocarditis, so that the 
therapeutic pioblem m advanced cases becomes extremely complex We 

13 Hunt, Heid Influence of Thyroid Feeding on Poisoning by Acetomtril, 
Jour Biol Cliem 1905, 1 , p 33 

14 We lime made a senes of experiments on this point which will be reported 
later m detail, but our conclusion is that the method is not suitable for detect- 
ing small quantitative differences 

13 Ewing Pithology of Exophthalmic Goiter m-Its Eelation to the Serum 
Tre itment New York Med Jour 190G p 10G1 
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do not know how important the relations of the tliyioid to othei ductless 
glands may be The thymus gland has been found hypertiophied m 
those cases m which autopsies have been made m New Yoik during the 
last few yeais, and the lymphatic tissue m general mcieased m amount 
Uansemann 10 is of the opmion that these changes aie secondaiy to the 
functional ovei activity of the thyroid These facts must be con elated 
with the high lymphocytosis ehaiaetenstic of all severe eases and uith 
the fact that it is possible to produce a lymphocytosis by the admimstia- 
tion of tliyioid to noimal animals It appears, then, that m the young 
subjects with chaiacteristic symptoms of a leeently developed condition 
of hypeitliyioidism we aie dealing with a compaiativelv specific disease 
which may be alleviated by neuti alizmg the toxic secietion of the gland, 
but m the oldei cases which have existed so long as to cause secondaiy 
changes and which may have symiptoms of both Graves’ disease and 
myx'edema, 01 vdneh indeed may be a myxedema in neaily every par- 
ticular, masqueiadmg under the name of Giaves’ disease because of the 
primary condition of the patient, it is not to be expected that the serum 
will have curative effect And such a conclusion must apply with equal 
foice to the operative removal of the gland or to any foim of tieatment 
aimed dnectly at the thyroid Analogously', if diphtkena weie a chiome 
disease extending over some months, one would not expect to lestoie the 
damaged lieai t ladnev and neivous system m an advanced case by am 
amount of serum piepared against the Klebs-Loefflei bacillus and its 
toxins There is an abundance of clinical evidence demonstiating the 
specific action of thyioid preparations m myxedema, and m a small pei- 
centage of cases of Graves’ disease improvement is obtained by careful 
tliyioid treatment, but by fai the majority of typical cases of this disease 
are made worse by such medication It is therefoie of prime impoitance 
to recognize the type of the particulai case m ordei to treat it intelli- 
gently We emphasize this point, because m some instances cases of 
myxedematous type have been tieated by seium, and occasionally indeed, 
by* opeiation with very unsatisfactoiy results 

classification 

It is imp ossible to make a comprehensive classification of patients 
suffenng fiom thyioid disease unless one makes almost as many groups 
as there are patients In determining whetliei a given case is a favorable 
one for seium tieatment it is necessary to study the condition carefully 
to determine if possible whether the symptoms are those of hypei- 
thyroidism 01 hypothyroidism A careful study of the blood, including 

Berl klm Wclinsclir , Oct 30, 1905 
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the munbei of eiytlnoeytes, the peieentage of hemoglobin, and a de- 
ferential leucocyte count, together with a quantitatn e analysis of the 
nitrogenous constituents of the unne, will be of value m this lespect 
In the majority of cases it is possible to decide this point, but we have 
not found any eritenon accuiate m all cases and we suggest the necessity 
for tlioiough study of the doubtful types m oidei to establish a moie 
leliable means of classification The following classification is made 
solely foi the puipose of serum treatment, with a full recognition of the 
fact that it does not eovei all cases and with the leseivation that it is 
necessaiy to expemnent eaiefully uith many of the atypical cases beioie 
one can determine what form of tieatment is most suitable In making 
these gioups we take into consideration the age of the patient, the piob- 
able condition of the thyioid, the cluneal type of the disease as legal ds 
symptoms lefeiable to the thyioid, and also as legal ds secondary changes 
in otliei oigans 


TYPES FAVORABLE FOR SERUM TREATMENT 

1 Typical exophthalmic goitei m the eaily stages including the in- 
cipient, the mild, the severe, and those extiemely seveie foims which 
develop very lapidly and have been described as the acute toxemic type 
lesemblmg malignant endoeaiditis 

2 Typical exophthalmic goitei in cases which maj have existed foi 
some time in subacute foim ruth occasional exaceibations, but without 
marked secondary changes 

TYPES THAT MAY REQUIRE COMBINED TREATMENT 

1 Patient^ who develop thyioidism aftei leaching the age of 40 oi 
50 yeais 

a Those who, aftei middle life, show thyioidism foi a vailing penod 
before the appeal ance of a goitei 

b Those who have borne an innocuous goitei foi yeais and late m 
life develop signs of thyioidism 

2 Atypical forms of thyioidism 

a ^len and moie often women of am age who piesent many signs ot 
th) loidism but who often have a dry skm and biady caidia and aie 
usually considered neurotic oi neui asthenic 

b Patients with neivous and vasomotor sisms of tin loidism, but wlio 
complain of a moie or less constant headache accompanied m most cases 
bv nausea and abdominal discomfort 

e The psychopathic cases the mental distuibance haring no definite 
relation to the seventy or type of thyroidism 



30G 


TREATMENT OF THYROIDISM BY SPECIFIC SERUM 


The pm pose of the classification given above is to serve as an aid m 
the semni ti eatment, and m our opinion the groups outlined can not be 
omitted Befoie enteung a discussion of the prognosis, the results which 
we have obtained, and the method of treatment m each sepaiate group, 
it is necessary to considei briefly some of tne simplei fundamentals of the 
thyroid chemistiy 

PHYSIOLOGIC CHEMISTRY OF TIT5ROID PROTEIDS 

There is as yet no agreement among investigates as to the chemistiy 
of the thyioid secretion, and its physiology is even more obscure Vanous 
chemical substances have been isolated fiom the gland by diffeient 
methods and it is impossible to leconeile all the statements that aie 
found m the literatuie The physiologic activity of the secietion is 
probably due to the 10dm compound which it contains, and we have 
abundant evidence m the analyses leported by Oswald 17 that the 10dm 
may v&Ty within wide limits, even m health Theie has been no demon- 
stration that an lodm-tiee pioteid from the thyioid has any marked 
physiologic effect We may believe that the activity of the secretion 
stands m close relation to its 10dm content It is not known, howevei, 
whether the lodm must be m proteid combination to exeit its full 
physiologic action or whether some cleavage pioduct is equally active 
The accepted methods of measuring the physiologic value of thyioid 
pieparations do not peimit of accurate quantitative distinctions As a 
physiologic process the secretion enters the blood or lymph without the 
intervention of digestion and it seemed to us that its hypodermatic 
administration would give the best theiapeutic results Saline and 
glycerin extracts of the gland have, therefoie, been preferred and also 
certain pure proteids have been isolated and kept in solution for hypo- 
dermatic administration The methods followed m making these ex- 
tracts and proteids were the simplest possible In the beginning of the 
work glycenn extiacts were preferred, but these caused so marked a 
local reaction when given hypodermatically that their use was abandoned 
and a saline extiact substituted Tins latter solution has been made by 
thoroughly pulverizing fresh thyroid glands and extracting the hashed 
mass for from three to five days m five volumes of physiologic salt solu- 
tion w ltli the addition of a little chloroform to prevent bacteiial growth 
The extract is filteied first through papei and finally through a Berke- 
feld candle and sealed m small glass tubes until wanted for adminis- 
tration 

17 Oswald Ztsehi f Physiol Chem , xxxn, 1901, p 121 
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It is not known whether theie is more than one iodized proteid m the 
gland If one prepares a saline extract of perfectly fiesli thyroid glands 
one finds that a considerable proportion of the proteid therein contained 
may be precipitated by the addition of acetic acid Fiona the filtrate a 
further poition of proteid is precipitated by half saturating with am- 
monium sulphate Both these proteids contain 10dm and are physio- 
logically active Oswald 18 maintains that they are identical proteids, 
and there is certainly much evidence to favor Ins belief m the case of 
noimal glands With pathologic glands m the stage of cellular hyper- 
plasia the acetic acid pieeipitate contains more phosphorus and less 
10dm than the ammonium sulphate precipitate With normal glands the 
amount of the proteid which is pieeipitated by the acetic acid depends on 
the freshness of the glands, the concentration of the saline extract made 
from them and the amount of acid used m the precipitation Dilute 
extracts of perfectly normal glands may give no pieeipitate at all with 
acetic acid, while a concentrated extract fiom the same gland yields an 
abundant precipitate on the addition of acetic acid Proteids obtained 
by both methods of precipitation, that is, by acetic acid and by ammonium 
sulphate, have been administered, but we were dealing with normal 
glands and it probably made no difference whether we used one 01 the 
other, for the evidence indicates that the two precipitates are of the same 
identical pioteid With pathologic glands, there may be a conndeiable 
difference m the therapeutic effect of the two sorts of proteids The 
noimal thyroid gland differs sharply from other noimal glands, such 
as the livei 01 kidney, m having a large pioteid content which forms no 
pait of a living cell, so that the cell nuclei furnish only a relatively 
small amount of the proteid m a saline extract With some of the 
pathologic glands nuclei are as abundant as they are m liver 01 kidney 
and the acetic acid precipitate contains more phosphoius than is obtained 
from normal gland extract, while the 10dm containing globulin pre- 
cipitated by half satuiatmg with ammonium sulphate is i datively scanty 
It is to be expected that proteids having such chemical differences would 
show differences in therapeutic action The dose of these puie proteids 
is veil' small We larely use moie than lo minims of a 1 to 1,000 solu- 
tion at a single dose, an amount corresponding to the dose of adrenalin 
M e hav e been able to get satisfactory therapeutic results with less dis- 
turbance of the heart and neivous system by the use of the proteids 
isolated m this fashion than we have by the use of the commercial 

IS Osw ild Die En\ ei-skorper der Sehilddruse, Ztsclir f Phvsio] Cliem , 
1S<19 \x\n p 147 
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tablets The matters relating to the piepaiation and physiologic value 
of these pioteids are now undei investigation and it is quite probable that 
new methods may be substituted foi the ones we have already employed 

These pioteids weie piepaied m the fhst place m oidei to alleviate 
the occasional seveie and unpleasant reactions following the use of the 
antiserum These leactions oeciuied more often m those patients who 
had had the disease foi a long time 01 who had acquned it aftci middle 
life In these two gioups at 3 T pieal cases wei e occasional^ found with 
some of the symptoms of myxedema, and since the antisenun was not 
well borne, and because of the many lepoits m the liteiatuie of the 
successful tieatment of such eases by thyioid piepaiations, we weie led 
to believe that a prothyioid tieatment lathei than antithyioid tieatment 
w r as indicated The hypodermatic admimstiation of thynoid proteids 
appioaches more neaily to physiologic conditions than administration 
by mouth Ceitamly we get moie prompt effects by tins method and oui 
expei lenee m a large nuinbei of cases justifies oui belief that pure 
proteids aie moic suitable for theiapeutic uses than the wdiole gland 
substance 

TREATMENT 

In the discussion of the tieatment the classification given aboi e will 
be followed, and the methods and lesults given undei each gioup The 
statistics given m this papei 19 do not include the 105 cases which Di 
Eogeis has treated personalty, as they aie lepoited m detail at the end of 
the papei All of the 141 patients reported heiewith except thiee which 
died, have not taken seium foi six months and many of them have com- 
pleted treatment for eighteen months Seium has been furnished to 126 
cases m addition to those which Di Eogeis has treated, but they aie 
not included m this repo it foi the reasons that some of them aie still 
under tieatment and the outcome is undecided, otheis have not finished 
tieatment foi a period of six months, and fiom a thud group satisfactory 
repoits have not been obtained 

Types Favoniblc foi Seium Tieatment — Gioup 1 — Typical exoph- 
thalmic goitei m eaily stages, including the incipient, the mild, the 
seveie, and those extiemety severe forms which develop veiy lapidty and 
have been desenbed as the acute toxemic type resembling malignant 
endocarditis 

19 The statistics quoted in the first portion of the aiticle aie taken from the 
lecords of one of us (S P B ) and aie from cases which have been for the 
most part treated under direction bv physicians who=e pm ate cases they were 
The statistics of the cases treated personal]} by Dr Eogeis are given at the end 
of the section on tieatment 
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It is m tins gioup that ve have had the laigest peicentage of com- 
plete success, the most piompt, and the most sti iking lesults This is, 
perhaps, because m these earl}'' eases one is dealing with uncomplicated 
conditions which favor a specific tieatment It is intei estmg to note 
that those who favoi operative tieatment uige the desnability and even 
necessity of eaily suigical removal of the gland if the best results aio 
to be obtained The incipient and mild cases m young people geneialh 
yield piomptly to serum tieatment It is piobable that a laige peicent- 
age of these two gioups would improve by lest and careful hygienic 
tieatment and the admmistiation of seium should not be a leason foi 
neglecting these factors, but oui experience has shown that serum can ar- 
lest these cases promptly In some ea=es the entire clinical condition has 
been changed m a week’s time and the symptoms of the disease weie no 
longei discoveiable Patients having mild symptoms do not all lecovei 
undei lest tieatment, and the serum has been used m many of these 
cases with complete success, after the failuie of other foims of theiapy 

The simple soft goiters which often develop m young women fiom 
taiious causes aie at times accompanied by nnld symptoms of Giaves’ 
disease Iodm m some foim has been foi many years the usual diug 
tieatment of these eases, and m a considerable peicentage with the 
happiest lesults, but some of them, which m the eaily stages may not 
be distinguishable fiom an incipient Giaves’ disease, aie made worse by 
such tieatment and may develop a typical condition of hyperthyroidism 
The admmistiation of thyioid to such patients is occasionally of bene- 
fit but v lietliei given as a means of therap} 01 foi the purpose of estab- 
lishing a diagnosis, thyioid should be given m veiy small doses and the 
effect on the patient carefully obseived This matter will be refened to 
at a latei point m the papei Poi these two gioups, the incipient and 
the mild the seium need not be lughlv active and may be given at inter- 
val « ot tlnee to five days In most of these cases a piompt lesult may be 
expected 

"We have included m this subdivision the veil seveie lapidh devel- 
oping ea*e= vhicli have many of the chaiacteis of an acute infection 
Tim npe foims onlv a small peicentage of the total numbei of cases 
floated and tot it is in manv lespects the most interesting The very 
ma iked mipiovement caused by the administration of a small amount 
of seium is quite compaiable to the effects seen m diphtheiia following 
the admmistiation of antitoxin In no othei group of cases i« the 
toxemic cliaiaetei of the disease so well shown and it i= pieciseh with 
these cases that ve hate had the most convincing clinical eudcnce of 
the antitoxic action of the seium 
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The leeently developed seveie cases take the seium with less leaction 
than the mildei cases, and the} ma} r m the beginning take more of it 
In some instances ne have given a small dose every twent}-fom hours 
until foui infections have been given and then have increased the inter- 
val to two days It is necessaiy to watch the patient carefully for un- 
favoiable reactions,, and the seium must not be forced m the presence of 
marked local and general reaction The lapid development and great 
seventy of these cases is a bai to surgical lemoval, the failuie of gen- 
eral measures is m sharp contiast to the success of the seium treatment 
and is, in oui opinion, one of the best arguments that can be advanced 
regarding the nature of the disease and the mechanism by v Inch the 
sei inn causes improvement 

The majority of the patients m the fiist group progress very favor- 
ably and many of them recover entirely, vhich means tliat all symp- 
toms disappear, undei doses of about 0 5 cc of an active antiserum 
given at fiist as often as the leaction permits and then giadually in- 
creasing the intei val between injections up to five oi seien days In 
some cases, houevei, a small dose of antiserum, 3 to 5 minims, not 
enough to pioduce any reaction, given once eveiy twenty-four houis 
for two or tlnee weeks, will sometimes act bettei The best of hygienic 
surioundmgs aie necessary throughout the treatment, and these, it 
should he said , are not possible m a public hospital ward, mth its at- 
tending excitement and often distressing circumstances In some cases 
a long time is required to effect a cure or even much improvement, and 
this means an average of two oi three months of antiserum treatment 
and six months more of restful vacation under constant observation 

Exophthalmos and goiter aie the last symptoms to disappear, and 
as long as the latter persists there is some danger of the recrudescence of 
symptoms under mental oi physical strain The longei a patient re- 
mains free from thyroidism, even with a persistent goitei, the less likeli- 
hood there seems to be of the recurrence of the disorder Some kind of 
infection, geneially tonsillitis, is one of the troublesome causes of acci- 
dents and exaceibations While the entire disappearance of the goiter 
is a result to be earnestly desired, m the majority of cases it can not be 
obtained quickly by the serum tieatment, and as soon as the moie dis- 
tressing symptoms have subsided it is wiser to reduce the seium gradu- 
ally and depend m part on hygienic and tonic measures Occasionally, 
in the latter stages of the recovery, very small doses, 1/50 oi less of a 
gram, of thyroid proteid act beneficially If commercial thvioid is 
used,' doses of not moie than 14 of a gram should be given and the 
effect very carefully watched 
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In giving the statistics ve have divided the cases into three groups, 
distinguished by cure, nnpiovement and failure In order to give an 
intelligent idea of the lesults it is necessary to define these terms, and 
this is particularly necessary because lepoits m the liteiatuie show 
widely varying conceptions of the term “cure” as applied to the tieat- 
ment of this disease By a “cured” patient we mean one m whom the 
subjective symptoms have been entirely relieved and the objective symp- 
toms have subsided to such an extent that nothing more than a gland 
diseoveiable only by deep palpation lemains The majority of the 
improved patients still have a small goiter, but with most of them the 
subjective symptoms have been relieved, and the patient has been made 
comfortable and able to woik and act m nearly all respects like a normal 
human being It is north noting that until some of the improvel cases 
the improvement continues slowly, although the treatment may have 
stopped for a year 01 moie The failuies are those cases m which the 
treatment has produced no beneficial effect 

Of the total of 141 cases repoited, 52 belong to the first gioup of the 
classification -Of these, 18 have been cuied, 2S improved (all but 2 
being very much improved) and 6 have failed to improve Of the 6 
failuies, 3 cases resulted fatally It should be stated heie also that 6 
patients properly belonging m this gioup have applied for serum, which 
vas foru aided as piomptly as possible, but m the interval the case 
teimmated fatally before the seium could be given Such sudden ter- 
minations are likely to happen, especially m the very acute form of the 
disease Of the three fatal cases listed with the failures, two received 
only two injections of serum and the third received only one injection 
They weie of the same acute type as the six cases which terminated 
fatally befoie the seium was received It is impossible to include m a 
papei of this sort a case history for each patient treated, but the details 
of a tjpical cured, an impioved and a fatal case are appended herewith 

Case 1 Cure — Patient — S H C, woman, 39 rears old, always well ex- 

cept foi attack of grip nine weeks befoie the development of thyroid symptoms 

Signs and Symptoms — Tins was a typical acute case, with marked tachy- 
cardia, the patient was very nervous, had marked tremor and diarihea, perspired 
freely, had troublesome thirst and did not sleep well Her skin was markedly 
pigmented, she had marked exophthalmos and a small soft goiter gradually 
increasing m size The symptoms of the disease were on the increase, the 
patient has emaciated somewhat but she is able to be up 

Ticatmcnt — The patient was seen by two prominent clinicians who pro 
nounced it a typical acute case and advised serum treatment Pievious to these 
consultations she had been treated with rest and tincture of belladonna without 
beneficial effect 

^ Result — The patient was under serum treatment from March 20 to August 
°1 nIlc * continued to impro\c steadily The final report recened in Decembei 
st ites that the iery best results were obtained The gland was normal m =i 7 e. 
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tachycardia entirely absent, the exophthalmos enicd and the patient stoutei than 
she ever was before and feeling perfectly well Her coloi was good, and the 
appetite and digestion as good as they ever were m her life 

Case 2 Improvement — Patient — It M V, woman, aged 3G, mamed, weight 
1G3 had pneumonia at 17, otherwise healthy 

Signs and Symptoms — Symptoms first noticed about a yeai before the 
tieatment began and the patient had lost 94 pounds m weight during this time 
The pulse v\ as 108 u hen the patient w as in bed and quiet, of fair quality and 
lcgular The lieait was dilated, the apex beat being one and one half inches to 
the left of the mid-clavicular line, faint sjstolic blow at the apex The patient 
was veiy nervous with maiked tremor, peispired freely She had fair appetite 
n i til no vomiting oi diarrhea at the time tieatment was begun She was always 
thnsty The cncumfercncc of the neck at gicatest point was 15 inches, a soft 
goiter of moderate size 

Tieatment- — Befoie seium treatment the patient had been receiving non, 
tomes, digitalis and Merck’s antithyroidm, but the condition had been stationary 
for some months The patient was confined to bed Treatment was begun m 
April and continued until September 

Result — Tlie patient ieeovcred in neai 3y every particulai Theie was no 
noticeable exophthalmos, the goiter could scaicely be seen, but could be felt by 
careful palpation The nenousness and tiemor were entirely gone The patient 
now did her own v\ oik and her pulse ran from S4 to 90 after a days woik There 
was no systolic muimur and the heart was not dilated The patient feels per 
fectly well 

Case 3 Failure — Patient — I W K, woman, 27 yenis old 

Signs and Symptoms — This was a typical case with lather slow onset, pulse 
langmg from 180 to 200, heart symptoms very marked, precordial pain, loud 
systolic blow, heart dilated, apex beat displaced to the left two and one-half inches 
The patient had a hacking cough, her voice was somewhat husky, moderately 
lien ous, with a fine tremor She slept badly, perspned piofusely and had a 
tioublesome thirst The exophthalmos was model ate, the gland varied m size, 
at times being small and hard and at otheis large and soft There was extieme 
emaciation, the patient had been m bed three Meeks and was very ill when the 
injections weie begun 

Tieatment — This vv as begun on December 29 Three injections were given by 
Jammy 4, on which date the patient died 

Result — There did not seem to be any reaction m either way to the serum 

Case 4 Marked Improvement with Sudden Death Later — This case is 
veiy interesting and is included because the manner of death is typical of some 
of the acute eases 

Patient — P J D, young woman, aged 19, single, history of Giaves’ disease 
extending ov er two and one half years The onset of the disease, occasioned by a 
seveie fright, was npid and progressive 

Signs and Symptoms — The pulse was 14S and faiily regular, the chest bulged 
at each pulsation, there was some precordial pain, no heart muimurs, the heart 
not dilated Respuations weie 27 per minute, theie was a slight cough, the 
voice quite clear The patient had until recently perspired profusely, her appe- 
tite was faiily good and there was no diairhea Menstruation had been inter- 
rupted for nine months The patient had become reduced from 145 pounds to 75 
pounds m weight She sat up, but the condition lnd remained stationary foi 
some weeks Ike patient was very nervous with marked tremoi 

Tieatment — Up to a month previous to the beginning of the seium tieatment 
the patient had been given thvioid extinct Tieatment b> seium was given from 
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Nm embei until tlie following June The patient began to impio\e munediateh 
aftei beginning seium and continued to an almost complete lecoveiy 

Result — The following leport of the patient’s condition on Septembei 13 ivas 
made The patient weighs 144 pounds is able to Malic seieial miles without 
fatigue, lias been doing all the liousewoik foi seveial weeks past Exophthalmos 
is noticeable but not maiked Heart is legulai, 94, no mm mm The patient is 
not nenous and has no tiemor, sleeps well , how els and nienstiuation legulai 
Outcome of Case — The. patient died suddenly on Oetobei 28 aftei liaimg lnd 
a seieie pam m the head foi a few liouis Theie was no autopsy 

Types Favoiable foi Seium Tieatment — Gioup 2 — Typical exoph- 
thalmic goitei m cases winch have existed foi some time m subacute 
foim v ith occasional exaceibations hut without maiked secondan 
changes 

These cases are, as a lule, amenable to seium tieatment, but theie is 
geneially not such rapid improvement, and the injections must be con- 
tinued ovei a longei penod than with the acute forms In some in- 
stances m which the serum has been begun during the penod of exacer- 
bation theie has been almost immediate lelief, m this lespect resembling 
the acute conditions, but permanent results weie obtained only aftei 
some months The longei the duiation of these cases the slowei the 
patients aie to show permanent impiovement, but, since we have had 
complete success with some cases of ten to twelve years' duiation, we aie 
led to the conclusion that it is the point to which the disease has piog- 
lessed lather than the numbei of jeais of its eouise which is the detei- 
mming factoi If tieatment is begun dunng an exaceibation it should 
be earned out m much the same mannei as with the preceding gioup, 
that is, the early acute cases, but it will probably be necessaiy to con- 
tinue admmistiation of a w T eak seium at mteivals of five days to two 
weeks foi some months befoie noimal, stable equilibnum is attained 

Of the total of 141 cases lepoited, 10 have been m this gioup Of 
this numbei, 16 have been cuied, 36 have been gieatlv impioved, and 
theie hate been 18 failuies, o of the lattei being fatal Six patients piop- 
ci h belonging m this group have had a pielimmary course of seium 
tieatment and have latei been opeiated on Three persisted m the 
seium tieatment foi a sufficient time to give it a fair trial, with the 
lesult that one of them was much benefited and latei was entirely cuied 
In opeiation, while with the two otlieis no decided benefit was obtained 
and opeiation undei taken latei, was fatal The 3 remaining m thi« 
gioup of G did not pcisist long enough m the use of =eium to permit am 
conclusion as to its value, ancl the subsequent operation pioied fatal in 
each case The three cases Hist mentioned as having liad =eium for 
v ° me tune aie included m the list of 141 ca=e=, one as improved and two 
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of them as failmes The outcome of the opeiation m the 5 fatal cases 
can not be asenbed to the preliminary use of seium Case histones of 
typical cases occinimg m this gioup aie given below 

Case 5 Cure Patient — Mrs B, aged 44, marked case with histoiy of six 
years of chronic tliyroidism 

Signs and Symptoms —Pulse 148, irregular, lieait dilated, apex 5% inches 
fiom midstemal line, patient very nervous, marked tremor, slept very badly, 
tioublesome thirst, shm pigmented, moderate exophthalmos, irregular menses 
Patient emaciated, weight 10G pounds, gland small but firm Patient confined 
to bed 

Result of Tieatment — Tieatment was given from Februaiy to Septembei In 
November her physician repoited that he considered the patient cured Her pulse 
averaged 74, the thyroid could be felt on deep palpation, the patient was not 
nervous and had no tremors Exophthalmos could not be detected The patient 
weighed 132 pounds, felt m fine spirits, was doing her own work and as fai as 
could be detected was perfectly well 

Case G Cure — Patient — Mis H, 54 years old, member of a highly nenous 
family 

Signs and Symptoms — The patient was very excitable and nervous, melan 
cholic at times, had attacks of cardiac dilatation and it was necessary to use 
morplnn to relieve pam about the heart There was very marked exophthalmos, 
progressive enlargement of the thyroid, very marked tremor, temperature from 99 
to 100, gieat piostiation, and pulse 110 to 140 per minute The patient’s condi- 
tion was giave foi seveial months She was undei medical treatment for three 
months and at tunes showed some symptomatic impiovement, but nothing peima 
nent 

Result — The patient was under treatment for six months At fiist she made 
slow but certain improvement, which has continued progressn r ely, and at the time 
of the report, two years after beginning the treatment, the patient was well 
There w r as no exophthalmos and no tremor, the patient w r as not nenous, the 
pulse was 84, regular, and of good quality, the thyroid could barely be made out, 
and there had. been a great gam m weight, the patient now weighing 175 pounds 
The physician considered liei completely cuied ' 

Case 7 Improvement — Patient — Mrs C F, aged 46 

Signs and Symptoms — The patient was extremely nenous, had veiy marked 
tremor, slept wretchedly, had troublesome thirst and diarrhea at times The 
pulse w T as 120 to 1G0, there was pronounced exophthalmos, the gland was only 
slightly enlarged The patient had lost 59 pounds, was just able to be up a 
short time dui mg the day and had lost control of the rectum She had been very 
nervous for 12 years, and the physician spoke of her as hopeless 

Result — Tieatment was given from May until October A great improvement 
w r as effected The pulse was from 80 to 90, the tremor was almost completely 
gone The patient made a gam of 30 pounds m weight during this time, was not 
nervous and slept well The rectum was under perfect control The patient was 
doing light housewoilc and complained of nothing but occasional palpitation on 
climbing the stairs, but there w T ere w r eeks when this was not noticed There w as 
distress at times from flatus m the stomach Exophthalmos was still noticeable, 
but not nearly so marked The size of the gland was about the same A later 
report states that the improvement has continued 

Case 8 Improvement — Patient — Mrs I, aged 38, had goiter for twelve 
years, gradually increasing in size During the last three yeais the symptoms had 
gradually been growing worse 
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Signs and Symptoms — The goiter ivas large, firm, low down on the right side, 
there was little exophthalmos, marked tremoi, pulse when quiet 110, no lieait 
murmur and marked dyspnea on exertion The patient was very neivous, pei- 
spired very fieely, did not sleep well and had a variable appetite with occasional 
diai rhea 

Results — -The patient was under treatment from February to August Theie 
was not much diminution m the size of the glana The dyspnea was entirely re- 
lieved so that the patient w as able to do her own work and go out walking for a 
long distance, which she had been unable to do foi years The heart came down 
to 80, neivousness and peispiration were entirely relieved, and the patient lm- 
proied so ’much that she discontinued treatment 

Case 9 Failure — Patient — Mrs Mu, aged 54, first symptom noticed in 
189G The patient suffered from nervous stiam and woiry immediately preceding 
the acute attack 

Signs and Symptoms — The pulse was 108, theie was precordial pain and sys- 
tolic murmur oier the base of the heart The patient was not neivous and had 
no ti emoi , slept fan ly w ell and had a fair appetite She had a small soft goiter 
and slight exophthalmos, had lost consideiable weight The most troublesome 
symptoms w ere vomiting and diairliea, also edema of the face and hands (Diag- 
nosis was questionable ) 

Results — The patient was under treatment fiom May to Octobei The serum 
leheicd the gastrointestinal symptoms very decidedly, and the patient was foi a 
time very much impioved 

Outcome of Case — The heart did not irapiove much, howevei, and later it 
steadily giew worse and the patient died in a fatal attack of syncope 

Types That May Requite Combined Tieatment — By the combined 
tieatment we mean the administration of both the antiserum and a 
puie thvioid proteid The admimstiation of these substances need not 
be simultaneous, since at one penod, generally the beginning of the 
tieatment, the use of antiseium gives the best results, and at a later 
penod the additional administration of a small amount of thyroid 
pioteid is necessaiy to continue the improvement If the case piesents 
fanly topical symptoms of Graies’ disease, we begin by giving small 
doses of seium, and m many cases find this tieatment followed by veiy 
^atisfaetoiy lelief, but if the seium causes veiy severe oi disagieeable 
reactions and if theie is no couespondmg improvement m symptoms we 
begin the addition of small amounts of thyroid proteid 

In a consideiable number of these cases it has been oui expenence 
that the administration daily of a smalt amount of tlmokl pioteid, 
thiee doses of 1/50 of a giam, and the injection of a small amount of 
seium, 5 minims, eieiy fifth day gives the best lesults It is not easy to 
undeistand precisely why this is true since it is paradoxical to believe 
that a liipotliyioid condition exists m the same patient that has simp- 
toms of hypeithyioidism It may be that the thyroid pioteid fiom a 
noi mat healthy animal answeis the physiologic need of the patient foi 
=udi a secretion while the abnoimal pioduct fiom the patient's own 
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gland is neutialr/el by the use of serum It is eeitam that the serum 
does not neu halve the physiologic action of a sheep thyroid proteid so 
that m e fleet w e may by giving «eium and the pioteid fiom normal 
sheep th} 1 oicl simultaneously, substitute the action of the noimal secre- 
tion fiom the animal foi that of the abnoimal secretion fiom the pa- 
tient s gland Whatevei may be the explanation, the clinical fact ic- 
mams that some of these mixed eases impiove moie lapidly and surely 
by such a method of mixed treatment 

It is impossible to foimulate precise mles to be followed in admmis- 
temig seium to this gioup of patients, foi the leason that the type and 
clinical conditions are ^o variable, but fiom a study of the case ve may 
be able to decide wliethei the symptoms aie a manifestation of hypo- 
thyroidism oi hyperthyroidism, and the beginning of the treatment 
should be made m accoi dance with these conclusions In my opinion 
the logical treatment for the gioup of mixed cases is the combined 
treatment, as it combats the dysthyioidism, vrlnch is piobably an essen- 
tial factor m the production of the symptom-complex The tieatment 
of the atypical and the advanced typical cases requires a finei discrimi- 
nation and moie accurate judgment m the employment of antiserum 
and thyroid piepaiations than is needed m the treatment of typical 
ca^es which form our first group, and it must be admitted that some 
degree of experimentation must be made ruth some of these patients 
before the most suitable ti eatment is determined on Complete recovery 
is slow, but encouraging improvement is often noted m a compara- 
tively short time 

Bef 01 e we can give tieaiment intelligently in cases belonging to this- 
gioup a very careful study must be made of the past history of the 
disease, the symptoms and the clinical condition m order to determine 
if possible, whether the hypothyroid oi the hypei thyroid effects predomi- 
nate, for our theiapeutic efforts will be legulated accordingly The 
manifestations of these two conditions aie so complex and oui means of 
diagnosis so incomplete that we can not always decide m winch gioup a 
given patient belongs In most instances it is possible to classify the 
case, but occasionally^ we find one of a mixed type that is veiy T difficult 
to explain 

It null be noted that we have included under the group that may 
need combined treatment the atypical eases and eases of those patients 
who develop thyroidism comparatively late m life The patients m 
atypical cases aie not necessanly advanced m years, many of them being 
under 30, and the typical patients over 50 do not all need combined 
tieatmenfi so that the factor of age can not be the cutenon by winch 
the matter is decidel 
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The cases belonging m the atypical gioup aie much the most diffi- 
cult to classify and tieat None of them have all the typical symptoms 
of Graves’ disease, and the ma jonty of them appeal to suffei fiom an 
abnoimal secietion latliei than a puie liypeithj loidism They have 
often come to us with the diagnosis of Giaves’ disease because they have 
at one time had a typical form of the disease, but as we see them they 
have passed out of that typical foim to the mixed type and occasionally 
one appeals to have a neaily complete myxedema Such cases aie not 
to be tieated by seium alone Suigeiy is equally out of the question 01 
should be with most of them 

In ordei to bring the mattei moie dneetly in view we append a table 
of contrasts to show the differing symptoms of hjpothy loidism and 
hypeitliyioidism For the liypeithyioidism typical Giaves’ disease is 
the best example, but foi the opposite type we have selected the mu- 
edematoid rathei than typical myxedema m advanced stages 

HYPERTHYROIDISM HYPOTHYROIDISM 

AGE 

Moie common in voung women, 18 Moie common in advancing vears, 

30 35-50 


ONSET 

Maj be slow and giadual oi sud- Sion and giadml, m mam cases 
den ancl acute engrafted on an old Giaves’ disease, 

HEART 


Tachjcaidia 120 ISO, pounding 
beat felt ov er w ide ai ea , often a loud 
systolic murmur over apex, base and 
along the great vessels Ii regular and 
■very susceptible to tbe effects of ex- 
eicise Blood piessuie amiable, gen- 
cially low, pulse soft and full, marked 
dvspnea on slight exertion Mmked 
edema of legs 

xerv ous 

Tine tiemor affecting nearly all the 
muscles, twitching, and occasionally 
spnsm« Patients me abnormally ir- 
i liable and excitable, apprehensive, 
mental h \oy active and physically 
lcstloss yriwculai weakness promi- 
nent 


1'xophthalnios generalh piescnt al- 
though it is not invariable Qccv=iaii- 
illv unilateral, corresponding to the 
-ule having the enlarged tlivronl lobe 
Vinous cvmptoms arise m con=c 
quentc of the exophthalmos \To pu- 
pillary changes 


Bmely above 100, may be ii regu- 
lar with heaving impulse Pulse gen- 
cially shows high tension and the- 
blood piessuie is above noimal 


SYSTEM 

Patient may liave some tiemoi, an I 
musculm weakness is likely to beveiv 
piononnced, but there is not tbe same 
lestlessness and jactitation Patients 
aie occasionalh i in table but thev 
are generally rather dull and apa- 
thetic, mentallv slow memory defc> - 
tive Pams in joints frequent and 
there is a marked tendenev tow aid 
sudden giving wav of the leg- when 
walking 

r xopbthalmos is unusual, although 
it nnv have been piesent at one turn. 


RYE SIGNS 
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GLAND 

Enlargement vanes from nothing to Often no enlargement can be made 
very laige goiter The blood vessels out, when there is a goitei it has an 
o' er the gland are generally much en- elastic, rubber like consistence, occa- 

larged and pulsate maikedly Right sionally cystic and nodular, but veiy 

lobe generally the largei distinctly diffeient fiom the active, 

pulsating gland of Ginves’ disease 

nutrition w 

Seveiely distuibed, in most cases Gcneialty not senously distuibed, 
there is a loss in weight, which may patients hold then weight and in most 
progress to extreme emaciation Ap- cases gam slowly, constipation rather 

petite variable, vomiting and diar than dianhea, and llatuleney a 

lhea fiequcnt complications Patients tioublesomc habit Patients do not 
dunk a gieat deal of water drink much water 

SKIN 

Piofuse peispiration, erythema, ur- Diy, may be scaly, patients do not 

ticana, deimogiaplna, pigmentation, perspire on exertion , lian dry, bnt- 

wlnch may occasionally be so marked tie, scalp scaly Pigmentation not 

as to suggest Addison’s disease Hair common Patients prefer thick, warn 

falls out, but is not coaise and dry clothing and are cold most of the 

Patients piefei tlun clothing and cold time Much moie comfortable dur 

rooms They are more comfortable mg hot weather 

during cold weather than during hot 
weather 

TEMPERATURE 

May be only slightly elevated, 99- Subnoimal, may reach as low as 95 
100 With seveie acute cases it runs 
often to 102-104 

URINARY FINDINGS 

In most cases normal m volume. Albuminuria not unusual Nitrogen 

glycosuna not unusual, polyuna partitions do not show so marked a 

often observed m later stages Nitro- distuibance m kreatmm and kreatin 

gen paititions show a very much de ratios In large number of cases 

creased kreatmm excretion, while urme pi actually noimal 

kreatin is present m large amounts 
Nitrogen loss is maiked during the 
period of emaciation 

BLOOD 

Hemoglobin low, leucopenia m se Hemoglobin low, white blood count 

'eie cases, with a maiked relative normal 

lymphocytosis 

MENSES 

Yeiy irregular oi completely sup- Geneially legular but scanty 
pressed 

The atypical cases do not fall sharply mto one oi the otliei of these 
groups, but show most unusual combinations of symptoms of puie 
Graves’ disease with those of myxedema The existence of such cases 
has been recognized for some yeais and then successful treatment with 
thyroid piepaiations is not new It has been oui observation, howevei, 
that a laige percentage of these patients do not do well on thyioid 
extract alone, and that a combination of serum with thyioid pioteid 
gives the best clinical lesults 
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The statistics Minch aie given imclei the last two gioups do not 
furnish. an accniate estimate of the piognosis m those types because ve 
have used the combined tieatment only duung the last year and there 
are compaiatively few who have finished the tieatment foi a penod of 
six months My list shows 19 cases which fill this requnement, how- 
ever and of these 10 have been greatly improved and 9 have failed of 
improvement There have been no deaths m this group and no patients 
have been cured It is only fair to state that there have been 4 cuied 
patients, but the} r have not finished tieatment for a period of six months 
as yet and so they have not been included 

Case 10 Improvement — Patient — Miss H , aged 40, had had subacute symp- 
toms for ten years 

Signs and Symptoms — The pulse was 120 to 140, respirations about 20 and 
labored, voice rather husky The patient was rather neivous, had no tremor, 
could sleep only in a sennrecumbent position, had a good appetite, had diarrhea, 
pronounced exophthalmos, a small soft goiter, and was slightly emaciated Her 
condition was stationary for some time 

Results of Tieatment — The serum was used for six weeks with some general 
improvement m the condition of the heart, but the gastrointestinal condition was 
not relieved During the next six weeks the combined tieatment was gnen with 
the best results The pulse diopped to 98, exophthalmos was much less, the diar- 
rhea completely relieved, the thyroid much softer and almost normal m si7e The 
patient slept well m recumbent position, was lapidly improving and felt equal 
to resuming her occupation as a teacher A later lepoit states that her satisfac- 
tory improvement has continued 

Case 11 Improvement — Patient — Miss 1ST, aged 3S, lnstoiy of Glares’ dis 
ease for six years 

Signs and Symjitoms — The pulse was 120 to 130, tlieie was slight piecordial 
pain and tremor, especially pronounced m the hanus and knees, and the appetite 
was poor The patient was very nervous, slept badly and was troubled with diar- 
rhea and sometimes with vomiting, had marked exophthalmos, a small hard 
goiter, was emaciated and not able to be up 

Results of Tieatment — Treatment was continued from May until October with 
the lesult that the patient gained 30 pounds m weight, pulse became regular at 
from SO to 90, the appetite good, no diarrhea, menses regular, nervousness 
entirely reliei ed “In short, her general condition is \ ery good ” 

Case 12 Failure — Patient — -Mrs G, aged 56, history of goiter for twenty 
} ears with symptoms of an atypical Grni es’ disease for eight years 

Signs and Symptoms — Patient was nenous, did not sleep well and had a poor 
appetite with occasional diarrhea Pulse was from 90 to 100, regular and of 
fairly good quality There was no troublesome perspiration or unusual thirst 
The patient had had modciate exophthalmos m the past but this ‘•wnptom was 
no longer seen Headache was a troublesome feature of the case Temperature 
was normal 

Results of Treatment — The case was not considered a faiorable one for treat- 
ment with serum, but it was begun cautiously and was carried out for 'ome time 
with no benefit Later the combined treatment was trieo for a period of =ix 
weeks without benefit Patient was no better m any wa\ than at the beginning 
of the treatment 
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The patients peisonally heated by Di Eogeis to Jan 1, 1908, numbei 
105, who presented, moie oi less maikedly, the thiee eaidmal signs oi 
exophthalmos, goitei and tachycaidia Eepoits could be submitted on 
about 100 additional cases, but, as they weie mostl) r hospital or con- 
sultation patients whose lecoids aie incomplete or people who presented 
irregulai and doubtful foims of thyioidism, it has seemed best to con- 
iine the leport to those that have been peisonalfy heated throughout 
and to tjqpical examples oi exophthalmic goitei Tlieie is thus no ques- 
tion about the diagnosis and it gives a cleaier understanding of what 
lias been accomplished foi these suffeieis 

Of the 105 patients, 12 ha\e been emed of eveiy tiace of disease 
including both exophthalmos and goitei, 17 have no symptoms of a 
pathologic natuie whatevei except a small goitei m a few instances, 
and one has a slight light-sided exophthalmos but no goitei As neithei 
of these abnoimalities is noticeable without close examination, I (J E ) 
think it is fail to group these eases togethei and c tate that a total of 30 
have been cured 

Eoity-tlnee who have undeigone specific semm oi combined tieatment 
have been impioved, and, while some of these aie still undei tieatment, 
many of them aie expected to be ultimately in the cuied class 
Eoui have failed to show any benefit by specific tieatment 
Seven whose condition m seveial instances was at fiist gi eatly bene- 
fited by the antiseium have died fiom the natuial pi ogress of the dis- 
ease 

Twenty-one have been opeiated on eithei befoie oi aftei undergoing 
the specific tieatment descubed below, with the lesult that none can be 
called a peifect euie, and two of these 21 have died as a dnect lesult of 
the operation 

A brief analysis oi the failuies, the deaths and the operatne eases 
piesents much that is instinctive The foui descubed as failuies undei 
antiseium received no other tieatment and oecuned early m our ex- 
perience befoie we had grasped the importance of supplementary thj- 
loid tieatment at ceitam stages, or m ceitam foims of the disease 
iSfevertheless, m so complicate! and obseuie a disease it is only reasonable 
to expect a considerable peicentagc of failures for a long time to come, 
or until theie is a nrucli nroie definite undei standing of the physiology 
of the tli ji old than exists at present 

One of the most striking featuies m a survey of all the 105 cases is 
the gravity of the piognosis, foi, m spite of everything which could be 
don( T theie was a death rate m this comparatively bnef period of 
observation of less than three ream, of approximately 10 per cent One 
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gams tlie lmpiession fiom the obsenation of many patients m diffeient 
stages of exophthalmic goitei that the moi tality undei oidmaiy medical 
tieatment is consideiably liigliei than this Indeed, the expectation of 
life aftei the onset of the symptoms m a v ell-maiked case can not be 
inoie than ten 01 twelve jeais 

The best lesults occiured m the veiy seveie acute 01 the eaily nnld 
cases, especially if the goitei was small The failmes and deaths oc- 
cuned m cases of maiked seveidy with laige goiteis and aftei the dis- 
ease had been manifest foi seveial years 01 m patients who del eloped it 
late m life Theie have, howeiei, been sonic exceptions to these iule=, 
as a few with small goitei s have done pooily v bile others v Inch ap- 
pealed almost hopeless have piogiessed suipiismgly veil Fixe women 
while m the impioved class have gone through a noimal piegnaney with 
continued gam, and all but one veie deliveied at full teim of health v 
eluldien Antiseium xvas given m tlnee eases thiougliout the pieg- 
nancy, the otliei two weie so well dui mg this penod that no tieatment 
v r as lequned 

Two of the hie motlieis can now be placed m the cuied gioup 
though one still has a baiely peiceptible goitei but no otliei sjmptoms 
The suivivmg eluldien show no abnoimality In leviewmg the his- 
tones ot all the patients, liovevei, the lieiedity was quite appaient m a 
consideiablc numbei of the ca^es It was not unusual to elicit a more 
01 le^s close family lustoiy of goitei and m a feu r cases of tiue exoph- 
thalmic goitei, but the piopoition was not gieatei than m otliei diseases 
like tubeiculosis, lheumatism 01 cancel 

Two patients piesentmg a well-maiked though not paiticulaih 
seveie Ape of the disoidei ot seveial 3 eats duiation made an almost 
complete lecoieij aftei a few mouths of antiseium tieatment The 
exophthalmos, tachjcaidia and =ub]cctne symptoms entneh disap- 
peaied, but the goitei lemamed quite laige, though «oftei than at the 
time of the fust obsenation Dui mg this penod a consideiablc degiee 
of lest, quiet and good hxgicne liad been entoiced, but a<= «oon as the 
patient* felt well voik was lesumed, bx one as a book can\a«ei by the 
otliei as a tailoi m a sweat-shop and xcrx c oon theicattei (lining a time 
oi hot weathei and liaid voik a combination winch seems paiticulaih 
tning both patients 1 elapsed Antiseium *cemed to do haim, pio- 
thMoid tieatment was without axail^ and the disease piogies«ed giadu- 
alh to a fatal teimination winch was pieceded bx stupoi and coma 

A third patient had almost tlie 5 ame lustoix. but b\ a caieful n*e of 
antiseium and combined tieatment appaient] v with beneficial lesult* 
bitch e=eaped death uid ha* now no sxmprom> except of =mnll iroiPu 
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Of the 21 patients opeiafced on 3 had only the sivpenoi thyioid vessels 
ligated The IS lemammg patients nndeivcnt the moie ladical and gen- 
erally lecommended opeiation of lemoval of a poition of the thyioid 
gland eithei before oi aftei submitting to the specific thyioid medication 
And these IS aie the most impoitant fioin a suigical standpoint 

Nine patients had been opeiated on and had relapsed befoie coming 
undei obsei ration, and some of them had reached a condition ivoise than 
that which had called foi the mteifeienee Three of these nine had 
each nndeigone two opeiations with no lasting benefit Of the nine who 
lelapsed after ladical opeiation, fom have been gieatly benefited by the 
antiseium oi by piothyioid tieatment and might be called cnred if suffi- 
cient time had elapsed to demonsti ate that anothei lelapse will not 
occui Tlnee have so much impioved as not to be conscious of illness, 
although some taeliycaidia is still peieeptible One (uho has had tuo 
opeiations) completely failed to improve m spite of careful tieatment 
and is slowly but suiely losing giound, and the othei, who also had had 
two operations, failed entnely under the antiserum, and m July, 1907, 
suffered a lemoval of the second thyioid lobe, leaving only the isthmus 
This, m November, 1907, was evidently enlarging, and, though the 
patient had aftei the last opeiation, as after the pievious two, gained 
considerably m flesh and strength, both subjective and objective symp- 
toms weie very appaient, and she stated that she felt little, if any, better 

The remaining nine patients, aftei failing to impiove under the 
antiseium tieatment, suffeied lemoval of one lobe and the isthmus of 
the tlivioid gland eitliei at the hands oi Di Rogers oi at those of otliei 
surgeons Of these, two died of acute thyioidism ( ? ) shortly after the 
opeiation The first came under observation early m my expeuence 
with a very seveie toxemic form of the disease, and when the antiserum 
was begun death seemed imminent After two oi thiee months of anti- 
serum tieatment she almost entirety leeoveied, but still had compaia- 
tively mild symptoms and a pulse rate of 110 In an attempt to com- 
plete the cure, the light lobe and isthmus weie removed with a fatal 
result The other death occurred m a psychopathic ease with mild 
symptoms of Giaves’ disease and melancholic depression, with delusions 
of sight and hearing Antithyioid and prothyioid treatment weie both 
tried and seemed only to make the psychosis worse, so removal of one 
lobe of the much hypertrophied gland was attempted and a fatality 
followed within two days 

The seven remaining patients veie all tieated with antiserum ruth 
jnoie rather than less unfavorable results, although five veie at first 
greatly impiored and then remained stationaiy oi veie made noise by the 
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medication. I believe now, howerei, that with lime and good hygiene and 
the judicious exhibition of the combined tieatment, the advantages of 
which have only of late become appaient, much moie could have been 
accomplished Nevertheless seven patients, aftei failing to lecovei 
undci antiserum tieatment, had one lobe and the isthmus of the gland 
successfully removed, and the last opeiation on these cases was m 
October, 1907 Only thiee of the seven weie much benefited by the 
opeiation One who was opeiated on m Novembei, 1906, remained 
compai atively well though unable to undergo vigoious exeition until 
Fcbiuaiy, 1908 The second patient, aftei gaming somewhat under 
antiseium, lelapsed and had the left supenoi thyioid vessels tied and 
the right lobe lemoved m Stockholm m September, 1906 Aftei this 
she gained slowly m flesh and stiength and letumed to this countiy, 
but sufi’cied anothei lelapse with typical symptoms m November, 1907 
The thud patient came under obseivation in July, 1907, and lefused 
opeiation aftei appicciable benefit fiom the antiserum, especially m the 
veiy tioublcsome insomnia and weakness lie then left the hospital 
and lelapsed m December, and m Januaiy, 1908, had one lobe and the 
isthmus lemoved, and, although much nnpiovcd, still shows m Apul 
the chaiactenstic symptoms 

The othei foui of the seven patients who undeiwent opeiation aftei 
failuie with the antiseium aie about as they weie when fiist seen and at 
least two of them weie foi seveial days aftei the opeiation m a lathei 
cntical condition and convalesced to then ongmal state veiy slowly 

These cxpeiiences, while not veiy extensive, have seemed to indicate 
that when antithyioid, oi m veiy exceptional cases, piothjioid tieat- 
ment fails, not much can be pionused by ladical suigeiy Not onl) the 
dangei but the uncertainty of the result of opeiative removal of pait of 
ihe thyioid m exophthalmic goitei demands that until theie is a more 
definite knowledge of the physiology and pathology of the oigan, at least 
a tinil should be made of the specific tieatment 

Accoidmg to these statistics about 30 pei cent of all cases undci 
oaictul management can be piacticallr cuied and the eailici the> come 
undci tieatment the bettei the prognosis About oO pei cent can lie im- 
plored, c oine 20 pei cent hare failed and of these 10 pei cent hare 
alieadr died This includes all stages and ranches of the dicea c e the 
roungest patient rras 5 real 5 ? of age and the oldest orcr SO, manv hare 
been sent foi specific tieatment as a la=t ic=oit and hare been coimdeied 
hopeless at the outlet but the inclusion of all patients without distinc- 
tion so long as the diagnosis i=; unmistakable i= the onlr method hr 
which a reasonable idea of the prognosis can he domed 
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TIIE REACTION FOLLOWING TIIE INJECTION OF SERUM 

Tlie seium is always given by hypodermatic injection, and we have 
chosen the aim as the site of injection because it is more convenient foi 
the patient and because the local leaetion causes less tiouble m this 
legion and may be treated moie leadily The uppei arm just below the 
deltoid should be carefully cleaned and the injection made subcuta- 
neously but not mtiamusculaily m oidei to avoid too lapid absoiption 
In 95 pei cent of the injections the local leaetion consists only of an 
aiea of hypeiemia and slight mduiation Minch may be somewhat tendei 
on picssuie foi a few liouis It quickly cleais up and in thnty-six to 
foity-eight liouis the aim is peifectly noimal The indurated area 
may m some instances be tlnee 01 foui inches m diametei and occa- 
sionally the whole arm has become edematous fiom the shoulder to the 
lingei-tips Such a reaction is unpleasant but foitunately it is a raie 
complication and if the aim is wrapped in a w r et diessmg the leaetion 
subsides without unpleasant aftei-effeets The exact natuie of the re- 
action m any given case cannot lie foietold because the matter of pei- 
sonal ldiosynciasy of the patient is an exceedingly impoitant factoi It 
is best, tlieiefoie, to start with a small dose and to deteimme the natuie 
of the reaction m each case befoie the full tlieiapeutic dose is attempted 
As has already been stated, the veiy acute toxic cases take the serum 
better than the mild cases and until them it may be best to begin wutli a 
full dose If the local reaction is maiked it is best to keep hot applica- 
tions on the aim foi half to tliiee-quaiteis of an lioui aftei the injection, 
and gently massage the aiea about the point of pun etui e Unless some 
quite unusual condition lesults no further Ueatment is necessaiy, foi 
the condition subsides piomptly If a second injection is made befoie 
the reaction fiom the hist has subsided a moie decided leaetion is 
produced m the second instance and the aiea of the fust injection is 
again excited The local reaction is tlieiefoie of value as a guide m the 
deteimmation of dose and frequency of administration The two aims 
should be used alternately at the site of injection 

The geneial reaction hkewuse show's considerable valuation In a 
laige percentage of cases there is no disturbance whatevei , theie may be, 
howmver, a slight rise m tenrpeiatuie accompanied by nausea, some rest- 
lessness and peiliaps some increase in the tacbycaidia Rarely the 
patient may vomit and all the symptoms of the disease be temporarily 
ex, unrelated If the seium is given too frequently 01 m too laige do«es 
both the local and the general reactions become moie seveie The seium 
must never be pushed m the piesence of a progressively increasing re- 
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action Senons consequences may anse if this piecaution is not ob- 
served If, elm mg the couise of treatment an usually severe leaction 
has been obtained it is he'd to allow a somewhat longei intei val hefoie 
the next injection, and at the same time to reduce the dose 

Dui mg the last two yeais the study of the phenomena of anaphvl- 
axis 19 and of the so-called “seium disease' has dnected attention to the 
complications of seium admmistiation Several instances of seveie re- 
action, some of them even with fatal outcome , 20 have been published re- 
cently and rt is evident that serious consequences may occasionally 
anse (ISTone of the reactions to which refeience is made have occuned 
in the use of the tlivioid serum ) We have tried to avoid such pos- 
sibilities bv giving the serum m the fh«t poition of the treatment at 
short intervals that is, fiom one to five days, and thus avoid sensitizing 
the patient In spite of these precautions we have had out of the sev- 
eial thousand injections that have been made m the couise of the last 
tluec yeais a few very seveie, and, foi the time, alainnng icactions 
although none have been fatal These have been obtained m cases which 
have had the seium for some time and have occuired without anv 
previous warning (It is only fail to state that neailv all of the reac- 
tions occuned m the earlier pait of 0111 expenence when we were using 
somewhat laigei doses than we now find necessaiy ) These reactions 
have developed m most cases veiv sboitly aftei the injection of the 
seium, but m a few instances the onset has been delayed foi a couple of 
hours Tliev have always occuned m patients who have had some 
pievious tieatment with the seium The reaction develops rapidly and 
lesembles m some lespects the condition recently described by Olrl- 
machei 21 as occurring m two cases tieated with antistreptococcic seium 
The cutaneous mi faces of the face became very much swollen, the nose 
lips and eais weie of twice the nonnal size and the exophthalmos was 
likewise much exaggerated Tlieie has been some subjective distress 
particularlv in breathing and the patient has become markedlv evanosed 
with a lapid feeble pulse and a more or less pronounced syncope The 
reaction is alarming for both patient and plivsician. but in our experi- 

10 Rosenau and Ander«on A 2se\\ Toxic Action of Hor=e Serum Jour Med 
Research, 190G x\ 

20 Gillette, H F Diphtheria Antitoxin m Bronchial Asthma Toni Am Med 
As^-n 1O0S yy llev S X Sudden Death from Injection of Diphtheria Antitoxin, 
Jour Am Mod A<=sn 100S 1. 137 Boone, E L Sudden Death Following I>e 
of Diphtheria^ Antitoxin, Jour Am Med Assn IPOS 1 44 Quigley I K. Col- 
lip^o After U-e of Diphtheria Antitoxin Jour Am Med A c =n mos 1 70S 

21 Olilmacher A P Tayo In^tanecc of Secere Ison fatal Scrum Reaction Jour 
Am Med A«-n laps 1 S7"> 
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ence the condition lias lapidly improved and an. hour later all evidences 
of the attack ma} r have passed oft We do not knoiv why such a reaction 
should develop but it is piobablv related to the phenomena of anaphyl- 
axis Tlieie is probably some peculiaily susceptible condition of the 
patient at the particular time the injection is given, for the patient may 
have taken the same seium previousl} r without any marked leaction, and 
may continue to take it again for weeks without ever showing again a 
leaction at all like tins We have learned to combat these seveie reac- 
tions with the hypodermatic injection of thyroid pioteid, but then great 
mfiequency makes it piobable that very few physicians will ever have 
occasion to deal with them Since we have given the serum in smaller 
doses at shorter intervals we have seen few disturbances other than the 
local leaction m the aim Following such a leaction no serum should 
be given for a week and then a somewhat smallei dose should be given 
foi the fiist injection The seium produced m each animal varies some- 
what fiom that of other animals so that it is necessarj to know the 
chaiaetei of the serum and the condition of the patient befoie the ques- 
tion of dosage can be decided 

The relation which the specific treatment bears to the surgical treat- 
ment is natuially of much interest The list of 141 patients includes 8 
who have had some surgical procedure for the condition Six of these 
cases have already been described The two otheis aie intei estmg as 
they both are instances of recur i ence after operation, one of them is of 
especial interest as it is the fiist case m this country of a patient under- 
going surgical treatment for the relief of Graves’ disease Brief his- 
tories of these two cases are given below 

Case 1 — Patient — -Mr F , aged 28, had the disease for eight years, operated 
on, had the right lobe, isthmus and part of the left lobe removed, “improving the 
fast pulse, exophthalmos and nervousness ” Still had attacks of diarrhea and 
tremor, pulse was 109, the patient slept badly, had lost 35 pounds m the last 
tlnee months and was unable to work 

Results of Treatment — The patient was under treatment for six -weeks Im- 
pioiement began with the first injection, the tumor was greatly reduced, diarrhea 
cured, tremor greatly reduced, he can walk a good distance wuthout undue fatigue 
Has gained 27 pounus since the treatment began and is m every way much mi 
pror ed 

Case 2 — Patient — A ivoman of 34 years, weight 130, physical cordition typical 
of Gra\es' disease, tachycardia of 110 to 140, heart otherwise noimal, nervous 
w lth marked tremor, small goiter of medium consistence, increasing in size during 
the last few weeks 

History — This patient was the first to have remoial of gland m this country 
foi the relief of Graaes’ disease The operation was done by Dr A C Bernays in 
St Louis May 13, 1894 The right half of the gland was removed and the superior 
artery tied on the leit side The condition pre-nous to the operation was serious, 
but the patient was entirely relieved and remained well during thirteen 5 ears 
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following the operation There was rede\ elopment of the disease in the spring of 
1907 Ilei condition lias been growing worse Treatment by rest, ice pack and 
quinin liydrobroniate had not improved the condition 

Results of Treatment — Ten injections of seium weie given, the first caused a 
marked reaction, the second much less, and it gradually deci eased to no reaction 
wnatecer, “and with this the pulse Kept growing slower, she gained in weight, the 
goiter giew less, and every symptom gradually disappeai ed " 

To summarize these cases again, it mil be recalled that five patients 
tiled seium fiist without benefit and later died as a result of opeiation, 
two were opeiated on before the seium tieatment with good result and 
weie latei tieated successfully with serum foi a lecunence of the dis- 
ease, and the last was benefited consideiably by seium treatment pie- 
limmaiy to a completely successful operation As far as these figuies go 
it w r ould seem that if a case can not be benefited by serum it may be 
'dangeious to opeiate, and also that, if an opeiation is likely to be suc- 
cessful serum maj also be successful It appeals to be tiue that the type 
of case which can be completely cured by opeiation is a type favoiablc 
foi seium tieatment 

It must not be undeistood that what has been said above is a crit- 
icism of 01 an aigument against the opeiative tieatment The few 
bulliant opeiatois who liaie had sufficient expenence to select the cases 
intelligently gne the piopei pielimmaiy tieatment, and cany out the 
opeiative pioceduie with the requisite skill and judgment have had very 
good lesults and then statistics speak foi themselves, but the fact re- 
mains that foi the majonty of suigeons the operation gives a high 
moi lality and not fully satisfactory postopeiative results Moieover, I 
think the time has not jet come to deteimme precisely wdiat the results 
of opeiatne pioceduie are to be Suigical lemoval of the thjroid foi 
Gia\cs' disease can scaiceh be consideied an emeigencj operation, and 
in mj opinion should not be undertaken unless the operator i Q thor- 
oughly fanuliai with disease and has had his judgment tempered b\ a 
wide experience 

Giaves disease is a senous maladi and should be so regarded The 
fact that incipient cases m joung women will m most cases improve 
piomptly with lest and tonic treatment is a cogent icason for call} 
recognition of the condition but even m eailv cases there aie many that 
do not teimmate so liappilv but continue to progiess toward an acute 
development of hvpertlmoidism Again it is often found that the re-t 
cme is onl\ tempo! an and that as soon as activity is resumed the serious 
nmptoms again appear The earlier svmpioms mar not be =uth a= to 
dnturb the patient and =he ma\ be thought merelv nervou= In mam 
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of om cases tlie condition has been fiist noticed by the patient’s fnends 
or by the physician at a time when the patient feels peifectly well The 
analogy between Giaves’ disease and health urged by Putnam 22 is of 
consideiable impoitanee He says 

The symptoms of Glares’ disease shade off if one studies a laige numher of 
cases into the phenomena of health The tiemoi, the rapid and excitable pulse, 
the flushed skin the restlessness of mind aie seen almost habitually m many 
persons who aie simply called nenous, and these symptoms and more, including 
the staling ga/c, may conic on suddenh c\cn m a piesumably healthy peison 
under tlie influence of a strong emotion which may he called either a disease 
01 a quasi pin siological state I w ill repeat in conclusion that the 

impoitanee of the analog! between Giuies’ disease and health is urged, not as 
an exclusne thcon, but as one piofitable mode of legardmg the subject 

It is, of coui«c, impossible fiom the data at om disposal to deteimme 
the pi ease raluc of the seium m the tieatment of hypeithjuoidism I 
believe that as far as numbeis aie concerned an equally laige senes may 
he shown winch have done as well 01 peihaps bettei on puiely medical 
tieatment but the tvpe of ease counts for everything Practically all 
of the first 100 patients and at least 75 pei cent of the remainder have 
used the seium only as a last resoit after having tiled rest, tonics, thy- 
loidectm, and a gieat variety of medical measures without relief In 
many such cases when the gamut of geneial theiapj r lias been run the 
serum lias been given with the most striking and immediate benefit In 
the majority of cases, howevei, the improvement, although positive and 
undoubted, has been slow' and giadual, perhaps lequnmg six to eighteen 
months for tlie final complete lecoveiy This is not m any way unusual, 
since recovery after surgical removal of the gland is m many cases slow, 
requiring one oi two yeais 

CONCLUSIONS 

This woilc is the first attempt to treat disease m the human subject 
by means of a specific cjtotoxic seium, and oui ow r n conclusions, subject 
to revision as experience increases, are as follows 

1 The serum lias a specific effect m neutralizing the toxic action of 
the thyroid secretion 

2 As a therapeutic agent it gives results winch can not, m many 
cases, be attained by any otlrei medical means 

3 Hot all cases presenting symptoms of thyioidism can be treated 
successfully with serum, because not all cases are purely hypertrophied 
m origin 

~22 Putnam Cluneal Aspects of the Internal Secretion Ti Cong Am Phys 
and Surg, 1897, n, P i22 
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4 The lapid amelioration of symptoms m the acute toxic cases, 

similai m most lespects to the veil accepted instances of neutralization 

of toxin hy antitoxin, is a weighty argument m favoi of believing the 

symptoms to be due to the toxic effects of hypeithyioidism 

o The beneficial results of combined treatment, especially m the 

oldei cases, indicates a dysthyi oichsm as well as hypeithyioidism as a 

factoi m the production of sjonptoms 
♦ 

Cornell Unneisity Medical College, Twenty-eighth Stieet and Fast A'v enue 



ACIDOSIS AND ASSOCIATED CONDITIONS 
JAMES EWING 

NEW YORK 

GENERAL STATEMENT 

The idea that the body may become poisoned by acid humors dates 
from the legendaiy days of medicine, but the conception of an intoxi- 
cation referable to acid products of metabolism is a result of the rigid 
application of chemical laws to physiologic processes 

The theoiy r of acid intoxication m its cunent form attributes to the 
acid action of pi maples arising fiom piocesses of metabolism a definite 
symptom-complex oceurnng chiefly m diabetes, but seen m less striking 
form m many other diseases Eoi eamivoious animals it is easy to name 
the sorlrces of such acid pioducts of metabolism They aie found m the 
high phosphorus and sulphur content of the piotem molecule, which, on 
oxidation, yields phosphoric and sulphunc acids They appear m the 
long senes of fatty acids which form the eombustion-pioducts of the 
fats They anse also m the series of changes m caibohydiates from 
gly cogen through glucose to lactic acid Fiom all these foodstuffs, 
especially the proteins and fats, the mam tendency in metabolism is to- 
ward the production of acids The exclusive flesh diet of carnivora 
increases this tendency, but the mixed diet adopted by man includes one 
prominent contrary'- factor m the rich alkalies of vegetable cells, while 
m heibivora the conditions are least favorable loi the accumulation of 
acids m food metabolism 

The theory of acid intoxication regards onty the chemical properties 
of these acids, and this property is to unite with alkalies The sources 
of the alkalies which are available for the neutralization of acids are, 
first, those of the cells, and second, those of the blood and lymph, and 
it is the abstraction of the fixed alkalies of the oigans and those of the 
blood which is believed to be responsible for the disorders of function 
and the symptoms of intoxication Hence, it is the functions of the 
alkalies of the body which determine the symptoms of acid poisoning 
Here it is obvious that vital processes are involved, for the function of 
respiration is dependent on the alkalescence of the blood, the solution 

*The Cartwright Lectures for 1908 of the Alumni Association of the College 
of Physicians and Surgeons, delivered at the New York Academy of Medicine, 
Mai ch 25, 27 and 30, 190S 
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of globulins m piotoplasm is maintained by association with chemical 
bases and the actions of ferments, digestive, circulating and mtia- 
cellulai, aie determined by the leactions of their media So that the 
tlieoiy of acid poisoning begins with the principles of noimal food and 
tissue metabolism, recognizes m many conditions a mild grade ot acid 
excess, which Naumn called “acidosis/’ and finds its cleaiest expiession 
m the acid intoxication of diabetic coma 

Geneial chemistry, physiologic ehemistiy and, more recently, physical 
chemistry have all contributed essentially to our knowledge of acid in- 
toxication, while the intei pi etation of the phenomena obseived foims an 
nnpoitant chaptei m physiology The clinical aspects of the subject, 
also, aie among the most complex m geneial medicine, so that the de- 
\ elopment of the doctime has been slow and difficult 

In a review of oui knowledge of this topic, which is the object of 
these lectuies, all the above depaitments lequne special consideration 
It is pioposed, tlieiefore, reveismg to some extent the oidei in. which the 
knowledge was acquned, to present, fiist, the expenmental basis of the 
doctime of acid intoxication, and to considei the general pioblems as 
piesented m the most pionounced form of acidosis, that of diabetes, 
second, to discuss the physiology and physiologic chemistry of the sub- 
stances concerned, and third, to deal with the vanous diseases m which 
acidosis occuis, and deteimme, as fai as may be, the significance of 
acidosis m such conditions as stai ration, acute yellow atiophy, eclampsia, 
delated cliloiofoim poisoning, cyclic vomiting of children, gastiom- 
testmal diseases and phosplioius poisoning 


I EXPERIMENTAL BASIS OF ACID INTOXICATION- 

DIABETIC ACIDOSIS 

1 Poisoning by Mineral Acids 
The fust clue pointing to the occunence of acid intoxication ap- 
pealed in the woik of Boussmgault who, m 1S50, found that diabetic 
mines usually contain ten laige amounts of ammonia To-day tlie=e 
lesults must stand as indications of excessne excietion of acids, but 
Boussmgault s methods were attacked and prevailing opinion, as stated 
bv Xasse, and expemnental results of Eilandt Wilde Gaetbgens and 
otheis indicated that admmistiation of acids entailed no great loss of 
alkali m the urine and no serious distuibance of the alkalinity of the 
blood 

On the other hand Miquel In administering sulphuric acid b\ mouth 
m dog- and Salkow=ki In poisoning rabbit* with taunn which \idds 
ntlplumc and m the bod}, demonstrated e\tcn=ne loss of alkali m the 
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mmc, while Lassar, by duect titration with acetic acid, found maiked 
lo=s of alkalescence m the iced blood of vanous animals poisoned by acid 
ihe pathologic significance of the withdiawal of alkalies by admm- 
istiation of mmeial acids seemed to be placed beyond doubt bj r the woik 
of Waltei, ulio showed that 0 9 gm of hydioehloue acid by mouth per 
diem was constantly fatal foi rabbits, and that the caibon dioxid content 
of the still faintly alkaline blood of such animals uas gieatl} r reduced 
Oigamc acids, m Ins hands, weie without compaiable effect Dogs failed 
to leaet to Iii’diochloue acid with toxic symptoms, and Walter's experi- 
ments show that this animal possesses an immunity against acid intoxica- 
tion, piotectmg its blood alkalies by neutralizing 75 pei cent of the 
acids with ammonia Since the sj'mptoms m labbits at the last stages 
of poisoning fiom 2 gm of acid could be piomptly lelieved by mtia- 
venous injection of 0 5 gm sodium carbonate, Waltei concluded that the 
symptoms Mere lefeiable solely to the m lthdiaual of alkali 

The symptoms of the acid poisoning appealed to be characteristic 
The lespnation was acceleiated and the mspnatoiy movements wei e 
deeper and laboied, while the blood piessuie lose with tumultuous heait 
action Latei the dyspnea ceased, respnat ion failed, the heait became 
feeble and blood piessure fell Walter Mas not impressed by the 
autopsy findings, except foi gastric lesions pioduced by the acid, which 
he found difficult to avoid 

The study of the effects of administration of acids m animals has 
been puisued by many obseivers during the past thnty yeais, Moth the 
result of gieatly extending and, m the mam, confirming the conclusion 12 
of Walter and these results have furnished the mam experimental basis 
of the doctrine of acid intoxication It has fuither been shown that 
rabbits may protect themselves to a eeitam extent bv the fomration of 
ammonia (Wmterberg) and aie less susceptible ulren on a protein diet 
Eppmger was able to delay or prevent the symptoms m i abbits bv feeding 
them on beef blood or egg albumin and by subcutaneous injections of 
ammo-acids , Mdnle, after rectal injections of glycocol, he found that 
labbits neutralized 75 per cent of ingested acids by means of ammonia 
(The contrary results obtained m tins field by Pohl and Mnnzer have 
been set aside by Loewy ) On the othei hand, staivmg dogs are just 
as susceptible to acids as are normal labbits (Eppmger), and dogs leadily 
succumb to the intravenous infusion of acids (Eppmger, Szili) 

Typical acid intoxication m rabbits has been pioduced by phosphonc 
acid (Robert) and by acid sodium phosphate (Spiro), but in dogs the 
acid effect was obscured by the action of the salt Eppmger produced 
the usual symptoms of acid intoxication m rabbits by lactic acid 
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All these results go to show that in dogs and labbits theie is a dnect 
lelation between the poisonous effects of acids and the acid-neuti aiding 
lesourees of these animals, and that these lesouices mav be altexed almost 
at will by regulating the supply of alkali The dog piotects itself against 
acids readily because of its protein food, which furnishes an abundant 
supply of ammonia that may with safety be dn cited fiom uiea foima- 
tion to neutralize the acids, while the rabbit, oidmanly without such 
souiee of ammonia, and compelled to call on the fixed alkalies foi the 
neutralization of acids, may yet be supplied with ammonia. bt piotem 
food There appeals to be no essential diffeience in metabolism between 
the tw r o animals Yet tlieie is an impoitant diffeience m the leadmess 
with which these animals utilize proteins m the foimation of ammonia 
and this difference, Eppmger finds, depends on the size of the paneieas 
m the two animals In the rabbit the paneieas is small and whole 
piotems or their complex cleavage pioducts, as polvpeptids aie slowh 
bioken up m the intestine, wdieieas glycocoll does not leqnne fuithei 
digestion, but may be leadily absorbed and serve as a souiee of ammonia 
A depancieatized dog Eppmgei found to be more susceptible to acid 
poisoning than the labbit (Szili) These facts ma> be of significance 
in connection with the pancieatic lesion of diabetes Accoidmg to this 
view, a simple quantitative deficiency m the digestne function of the 
paneieas may leduce the supply of absoibed ammo-acids and Die ammonia 
available foi the neutialization of fattv acids and thus fatoi the dctelop- 
menl of acid coma 

ALKALESCENCE OF THE BLOOD IN ACID POISONING 

The explanation of the toxic effects of the vithdiaw.il of alkalies 
f lorn the blood and tissues is suggested b\ the diminished alkalescence 
ot the blood and its loveied content m carbon dioxid In fatal acid in- 
toxication the blood ma\ contain onlj 2 01 3 volumes pei cent of caibon 
dioxid as compared with the nonnal 28 to 40 pei cent (Waltei) and 
Spno found onlj 1 G lolumes pei cent in the blood of a dog recoiling 
acid sodium phosphate By dnect titiation Spno obseived in dogs a fall 
in blood alkahniti irom 1G9 to 73 mg sodium hidiate pei 10 cc of 
blood Szili infused 1,/SX huliochlonc acid into the 3ugul.11 \ein- of 
labbits and dogs 2 cc pei minute The rabbits sunned about one 
hom and their blood alkali fell 7S pei cent while dogs succumbed in 
about tlm n -the minutes and then blood alkali fell 73 pei cent In 
both animals the lndioxd 1011 concentiation lell 95 to 9b pei cent It i= 
to l>e noted that in none ot these experiments wa= the oxwen of Die blood 
1 educed 



334 


ACIDOSIS SXD ASSOCIATED COXDITIOXS 


These observations form the chief basis of the belief that acid intoxi- 
cation kills by asphyxia of the tissue cells fiom accumulation in them of 
caibon dioxid A paitial dissent from this new is expressed by r Loewy 
and Munzei, uho believe that the pioduction of caibon dioxid is dimin- 
ished m acid intoxication, and this belief may be supported by the re- 
duced consumption of many acid pioducts of metabolism, resulting in 
lessened carbon dioxid formation, m diabetes Beddard, Pembry and 
Spriggs found that the blood m diabetes is able to absorb a noimal 
amount of caibon dioxid, even when its alkalinity and actual carbon 
dioxid content are greatly i educed As a rule, the carbon dioxid tension 
of saliva and urine equals that of the secreting cells, but the above ob- 
servers found that m diabetes the carbon dioxid tension of the urme is 
not increased "While the conception of cellular asphyxia is probably 
valid as far as it goes, furthei knowledge of the conditions determining 
the vitality of cells seems necessary before this theoiy can be regaided 
as proved 

Some othei obscurities still suriound the toxic action of acids It 
lias been suimised, but not satisfactorily pioved, that vital organs aie 
lendered seriously deficient m alkalies by administration of acids An 
increased loss of alkali m the unne vas demonstrated by Salkowsla in 
taunn-poisoned rabbits but he was unable to conclude that the loss was 
large enough to be senous Schetelig found that the calcium oxid m 
the urine of acid-poisoned labbits rose from 400 to 500 mg per diem 
From these and many other observations it is clear that acidosis is 
marked by consideiable loss of alkali by the urine But some of this 
urinary alkali is certainly diverted from the feces, which is the normal 
channel of 90 pei cent of the alkali excretion (von Yoorden and 
Belgart) 

Moreover, the body possesses piactically inexhaustible supplies of 
alkaline earth m the bones, as well as very considerable resouices m the 
food, and it still appears doubtful if these depots are not sufficiently 
available in acid intoxication to maintain the necessaiy alkali of vital 
tissues, while giving up those of the blood The alkali content of such 
organs as the liver, kidneys and bram, in experimental acidosis, lias 
apparently' not been determined It may be that the bone alkalies aie not 
available m acute poisoning, in which alterations m these structures have 
not been found In rabbits succumbing to large amounts of hydrochloric 
acid over a period of twelve days I could find no gross or mieioscopie 
changes m the hones Yet in diabetes Frenehs states that the bones aie 
abnormally light, and von Yoorden concludes that the bone alkalies are 
extensively drawn on m diabetic acidosis Gerhardt and Schlesinger 
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came to ilie same conclusion foi seveie diabetes, finding no otliei somce 
foi continuous loss o£ calcium m the unne It is theiefoie piobable that 
the bone salts are available m clnomc acidosis, but not m the acute foims 
On the othei hand, the diseases associated with piogiessive loss of bone 
salts, rachitis and osteomalacia, have not declaied themselves as forms 
of acid dyscrasia Tlieie is a mass of clinical and expenmental data 
indicating that the oigans are lather susceptible to slight changes m their 
alkalies, but the pathologic significance of such changes m acid intoxica- 
tion, especially m the acute and expenmental forms, would be made 
cleaier by accuiate deteimmation of the alkalies of the organs Accord- 
ing to Mooie, the alkalinity of the tissues depends on interchanges of 
mono-sodium and disodium phosphates and by virtue of alterations m 
the lelative amounts of these salts the cells may take up considerable 
quantities of acids without change m their reactions Hence, Bambndge 
supposes that by some interference with this protective mechanism of the 
phosphates and caibonates the tissues can no longer get nd of the acids 
produced and that their accumulation m the cells brings metabolism to 
an abiupt close He legaids it as extremely probable that the lack of 
some of these bases may disturb metabolism quite independent!} of the 
alkalescence of the tissues 

The method of estimating the alkalinity by the h}dro\}l ion con- 
centiation has been applied to the blood by Szili and Benedict m Tangl’s 
laboiatoiy They show that normal blood contains the same concentra- 
tion of li}dioxyl ions, that is, the same dynamic alkalinity, as distilled 
watei In animals poisoned by acid tins concentration is 1 educed 95 
per cent, so that this phase of alkalinity is practically obliterated 
Physical and pli}siologic chemists will doubtless fail to agiee on the 
significance of these obseivations, but they at least point to a new and 
mteiestmg character of genuine acid intoxication, which may sene to 
separate true fiom spurious foims and thus pio\e a healthy conti ol on 
the hast} application of the doetune of acid intoxication Landau holds 
that h}dro\}l ions have little to do with blood alkalinit} because the} aie 
domed fiom iNa^CO- and IsaH_P0 4 salts which ionize ten slighth 

An important phase of the question of blood alkalescence has been 
revealed b) the work of Bzentkowski It has long been realized that the 
acid-neutializmg power of the bloody its basicit}, depends not morel} on 
alkalies but is a function of alkalies, proteins, urea and othei nitrog- 
enous substances By alkalescence may be understood that part of the 
biVncit} due to alkalies Pzentkowski titrated separately with X/20 
sulphuric aud and litnuw the whole blood, the pla=ma and the cells, w ith 
the following results. 
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Acid neutralizing powei of the blood m mg NaOH per 100 



Whole Blood 

Plasma 

Cells 

Total basicity 

387 

1G5 

5G0 

Basicity due to alkali 

1G0 8 

137 G 

172 

Basicity due to proteids 

226 

27 4 

388 


These lesults indicate a lemaikable piepondeiance of acid-neutraliz- 
mg powei m the led cells This conclusion is by no means neu, but 
Bzentkowski found that 1 gm of red cell protein is equal to 12 mg of 
sodium hydiate m neutializmg acids, while 1 gm of plasma piotem 
equals only 3 mg sodium hydiate, and, regarding the unit of blood, he 
shows that led cells may neutiahze foui and one-half times as much 
acid as the plasma The led cells owe their basicity to proteins the 
plasma chiefly to mmeials, and loss of basicity m red cells may be due 
not to loss of piotem, but to qualitative changes m the protein, such as 
the capacity to split off ammonia Hence, the effects of acids m the 
blood are very imperfectly measuied by the loss of alkali and probably 
also by the loss of caibon dioxid It is to be considered also, if these 
lesults do not lessen the significance of the data obtained by estimations 
of the hydroxyl ion concentration, foi lieie is a type of basicity which is 
only distantly connected, if at all, with hydroxyl ions 

In any case it appears that the adheients of the acid-intoxication 
theoiy have been lelymg on very inadequate methods of detei mining 
the acid-neutializrag powei of the blood Since this tissue must piobably 
ffist feel the effects of any r excess of acids produced m metabolism, it is 
quite unwarranted to assume diminished alkalescence of othei oigan 
cells until that of the blood has been definitely proved 

VISCERAL LESIONS IN EXPERIMENT VL ACIDOSIS 

The pathologic anatomy of experimental acid intoxication occupies 
a suboidmate position among the data relating to this condition 
Salkowski took occasion to note that the liver m Ins cases of taunn- 
poisomng was not fatty Some gastiomtestmal lesions have been ie- 
fened to the direct effects of the ingested acid Usually the visceral 
changes have been dismissed with the statement of the accepted fact 
that no alteiations capable of explaining death weie observable 

With the object of ascertaining if any of the gross or minute visceral 
lesions weie eompaiable to those observed m forms of supposed acid in- 
toxications occurring m man, I have studied the anatomic condition in 
labbits after rapid and prolonged poisoning by hydioehloric acid Sub- 
cutaneous injection of H/S to K/4 hydrochloric acid were employed 
throughout This method vas chosen on account of the gastnc lesions 
produced by admimstiation by mouth and the uncertainty of absoiption 
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of ihc acid The mtiatenous loute. while suitable foi yen iapid eilects, 
is not adapted to nioie piolonged expenments Weak acids aie 
veiv irritating to the peiitoneum I was unable to inject fatal dose= 
of acid beneath the skm without pioducmg con^ideiable damage to this 
tissue and eventually exciting an mflammatoij pioeess which letaids 
absoiption Stionger solutions than IST/S usually cause neciosis and sup- 
puiation 

A brief detail of some of these expemnents follows 

Rabbit 1 — Black male weight 1 035 gm Rapid subcutaneous admnnstiation 
of X/8 hadiochlonc acid 

Deeembet 1G 12 m, 12 cc N/8 hadtoehloric acid 2 .30 pm 12 cc 5 
pm 12 c c Xo symptoms 

December 17 10 a m 12 c c X/S liydioelilouc acid 12 m, 12 cc 2 

p m 12 cc N/4 liydi ochloi ic acid 3 30 p m, 25 cc 5pm 25 cc Animal 
dull all day 

Dccembci IS Animal died S 30 a m 

0\ci a penod of tlmta siv houis the rabbit leceiaed m diaided doses, GO c c 
X/S livdiochloiic acid and 60 c c X/4 hvdi ochloric acid Aftci the fifth injec- 
tion the animal began to appear dull and this symptom increased with the 
increasing stiength of acid Xo marked distui banco of respiration oceuried 
Death occui led fouiteen liouis aftei the last injection made at G 30 p m . at 
which time the animal did not appeal to be senoush affected Total acid 
reecia cd 82 gm 

Aiiiopv/ — Rigor pionipt firm Slight edema of subcutaneous tissue Lungs 
leu pale Liter daik blown no congestion or fatty degeneiation Kidnets 
appeal normal Stomach contains considerable food shows no lesions lutes 
tine sinnlai Muscle pale Bone maiiow congested Pia and brain appear 
lioi mal 

R\bbit 2 — White male 1 720 gm 

December IS Three injections, 12 cc each, X/G ludiochloric acid Rabbit 
appealed well no symptoms 

December 10 Twelte injection® 12 cc each X/G hrdrochloi ic acid R ipul 
lucathing noted after seaenth injection Later this became ®low and shallow 
cal® told ct anotic muscular twitching aery dull Thice houis after last in 
jcction animal much bettei 

Decomlicr 20 Eitmg lieartih Red cells 4 G5G 000 normal m appearance 
Lcucocatcs 7 100 Blood drop ca anotic Tour hourla injections of 11 ce 
X/4 liadrochloiic acid Dull head sat at s Respiration 4S One injection GO 
cc X/4 liadrochloiic acid Droaasy ca motic Respiration unchanged Thuta- 
tiae minutes after last injection rabbit hid a feaa general spasms and died Total 
acid u=cd, 2 1G gm in fifta-taao hours 

Autojnu — Blood dark fluid Marked general edema at point oi nijution 
Lumrs anemic other aiseera congested Xo signs of fatta degeneration Liter 
dirk red Bile liaht green Muscles pale, marrow t once-led Brain norm U 
Bluhhr contains 40 t c eleir urine shoaainc a trice of albumin a era m ma 
ha ihnc ci-t- ammonn nitrogen 4 2 mg m 100 ec (Di I’ A Shaffer) 

R vnniT > — White mile 2 0G0 gm Tor four daas rcteia.d 1"» cc X'S 
hadrcHhloru acid then for fine dia= 30 cc on tenth and ehaenth dn- 00 > < 
iuh Dic'd during night oi eleaenth daa During all tin- turn the annuil '4- 
liu to i*ingl\ dull but no rc-pintoiv oi-firlnnce t-onld 3>. dcu-ct'd 
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Autopsy — Weight 1,750 gm , loss 310 gm Abdominal wall showed extensive 
edema and in places slight purulent infiltration Blood, fluid, dark Lungs 
congested Stomach xx ell filled with food Kidneys pale Liver dark colored, 
congested, not fatty Bile brilliant green Muscle veiy pale Spleen soft, of 
normal size Brain negative Bones eveiyvvhere of usual appearance 

Conclusions — Prom these expei invents two conclusions seem to be 
obvious first, that rabbits withstand considerable quantities of acids 
slowty admmisteied (one leceivmg 1,4S5 gm m 11 days) , and, second, 
that when the acid is slowly given subcutaneously, diowsmess is the chief 
symptom and the chaiacteiistic dyspnea can be lecogmzed with gieat 
difficult), if at all 

Summon y of Gioss Appeal ancc of Oigans — On account of the venous 
eharactei and fluidity of the blood and the congestion of the visceia one 
would conclude that the cause of death m these animals was some form 
of asphyxia, which is also indicated by the symptoms Yet the anemia 
of the lungs, skin and muscles, while consistent with slow asphyxia, is 
not eharactei istic of any common form of slow asphyxia seen m man 
The brilliant gieen coloi of the bile deseives rnoie than routine notice, 
since it indicates a pronounced acidification of this seeietion which may 
pel haps, be legarded as pathognomonic of this foim of acid intoxication 
Otherwise I can only confirm the conclusions of others, that the organs 
show no gross lesions eharactei istic of acid poisoning 

Mic> oscopic Examination — Material fixed m formalin Orth’s and Zenker’s 
fluids yielded the following general data 1 An entire absence of fatty degenera- 
tion m frozen sections of liver, and kidney stained by Sudan III 2 A peculiar 
granular and hydropic degeneration of the liver and, to a less extent, of the 
renal tubule cells The eosin-stammg material m the cells appeared to be veiy 
deficient In some foci and m many isolated cells of the liver the cytoplasm 
was represented by a tlnn cell border and a few stamable clumps of granules 3 
Swelling and hyaline transformation of many voluntary muscle fibers 4 Ab- 
sence of any alteration m appearance of compact and cancellous bone tissue 5 
Maiked chromatolysis of stichochrome cells of central nervous system 

This last character recalls similar changes reported by me m 1S9S, m 
a case of acute hvdiochlonc acid poisoning xn an adult man While none 
of these changes can be regarded as pathognomonic, and while then 
interpretation presents many difficulties, I believe that they constitute 
evidence which may prove of value and which can not wisely be ignored 
m the diagnosis of other forms of acid intoxication 

Mosse descubes a mierochemical test for acidosis In fasting animals, 
m nremia, and after death from various poisons, he finds that the livei 
fixed in alcohol and stained by the May-Grunwald method or bv neutral 
red, shows a distinct basophilic tint Heiberg obtained a distinct re- 
action of this sort m the livers of mice fasting foi seventy-two boms 
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Mice fed fixe days on meat and buttei and killed twelve horns aftei a 
single meal of carboliydiate showed noimal staining leactions of the 
livei I find that liveis of lahhits poisoned hy hxdioehlonc acid, fixed m 
alcohol, and stained hy iSTocht’s method, or by eosm and metlilyene bine, 
slam densely bine and take little or no eosm, yet I doubt the wisdom of 
attaching much impoitance to slight vanations m the staining leaction 
of mateiial obtained at autopsy 

2 Acidosis After Extirpation of the Liver 

Anothei fundamental chapter m the idle of ammonia m physiologx 
and m the conception of acidosis concerns the lelation of ammonia to 
uiea-foimation and to the functions of the livei 

It had pieviously been shown by Salkowski, Sehmiedebeig and otheis 
that vanous ammonia salts admmisteied to animals xxere not excieted 
as ammonia, but gave use to mci eased excretion of uiea and the conclu- 
sion appealed obvious that the ammonia was synthesized into uiea In 
1S86 Minkowski lepoited Ins remaikable obseivations on the influence 
on mic-acid foimation of lesection of the livei m geese, demonstiatmg 
that the synthesis of line acid m birds is largely, if not exclusive!} , a 
function of the livei The anatomic relations of the liver m buds pei- 
mits the animals to sumve, foi about twenty horns, ligation of the 
poital xem which diveits the blood to the mfenor vena cava, the ligation 
of all aitenes leading to the liver, and the paitial or complete extnpation 
of this oigan In animals suiviung this operation the excietion of 
nitiogen tails 50 to GO pei cent , uiic acid, the avian lepresentatixe of 
uiea, falls to one-thntieth pait of the normal excietion, the ammonia 
uses to 50 or GO per cent of the total nitiogen, while lactic acid, noi- 
mallx absent, leaches the enormous excietion of 3 5 gm. for twelve liouis 
and constitutes one-lialf of the solid lesidue of the urine The urine con- 
tains no sugai The blood contains no sugai, but small quantities of 
leucm and txiosm On feeding these animals uiea it was excieted a* 
such, but ammo-acids, gl} cocoll, asparagm, were largely bioken up 
with mcieasc of ammonia, but paitly excieted as such That the exce =s 
of ammonia x\as not caused by its diversion to neutralize acid wa« c hown 
bv Engelmann, who, bx giving alkalies, was able to reduce the ammonia 
without increasing the uric acid Tlie animals died m ten to iweho 
hours with \omitmg somnolence, coma, and occanonallx with con- 
x ulsions 

From these expenments sex oral lnghlx important conclusions could 
be drixxn 
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1 In buds the synthesis of mic acid (and niea) fiom ammonia 1 ? 
exclusively the function of the liver 

2 The appeal ance of mci eased ammonia m the uime mat lesult fiom 
loss of the svnthetie uiie-acid-forming function of the lnei 

3 Tlie desamidation of amido-acids is possibly a function of the lively 
but lesides also m othei tissues 

In oidei to deteimine how far the results m buds weie applicable to 
highei mammals, dnect obseivations on dogs ueie necessaiy The paitial 
oi complete elimination of hepatic function m dogs has been accom- 
plished by von Sehroedei, bv diveitmg the poital blood tlnough a canula 
to a lenal vein, by Halm, Massen, Hencki and Pan low, by means of an 
Eck fistula between poital vein and mfeiioi cava, at times combined u itli 
ligation of the hepatic aiteiy, and by Denys and Stube by injection into 
the bile ducts of acetic acid oi by E Pick with H/25 sulphunc acid 
Aftei all these pioceduies the animals lapidly passed into a state of 
intoxication maiked bv omitmg, thnst, somnolence, coma and convul- 
sions In animals with the Eek fistula the livei underwent fatti de- 
generation and atiophj, but collateial cnculation vas sometimes 
established and the animals suivived In these eases the symptoms uere 
most sti ilong, consisting of attacks of somnolence, museulai weakness 
and ataxia, followed by ceiebial excitation, blindness, anesthesia and 
finally convulsions and coma Feeding meat promptly induced an at- 
tack, sometimes fatal The urine regularly showed a reduction in urea 
and excess of ammonia m combination with caibamic acid, and to the 
toxic action of this salt Nencla and Hahn chief!} attubuted the symp- 
toms By the injection into noimal dogs or by oial admnnstiation of 
this acid and its salts m animals with Eck fistulas they pioduced 
identical symptoms In dogs with the Eck fistula the unnary ammonia 
mtiogen rose to 10 oi 20 pei cent, which is not veiy excessive, but it 
v as noted that the ammonia increased lapidly with the appeal ance of 
toxic symptoms In the biams of animals dead of this intoxication the} 
found twice as much (20 5 pei cent ) ammonia as m otliei organs (10 5 
pei cent ), and four times as much as m the bi am of the normal dog 
(5 pei cent ) Moieovei, the aitenal blood of a dog with an Eek fistula 
and toxic symptoms, contained as much ammonia as the poital blood of 
a noimal dog 2 

2 It mav lie noted lieie that carbamie acid (NILCOOH) stands at the foot 
of the senes of amido-acids CnHon(NH = ) — COOH, and of the othei amido acids, as 
leucm G„H 10 tN 11,00 OH, seieial aie also present m these conditions To what 
extent this or other acids of the series figure in the lesults of the Eck fistula 
and homologous conditions is not known Fiom this point of new it is possible 
Vo concei\e°of a special but m one sense spuiious type of acidosis, constituted 
b\ the amido acids, all of which imohe combination* with ammonia 
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In animals with the Eek fistula oi m which the lnei has been de- 
stroyed hy injections of destmctive agents in the bile duct 5 , the alka- 
lescence of the blood is not apparently much 1 educed Ho \er\ complete 
observations on this point aie available, but Denjs and Stube and E 
Pick failed to find any maiked reduction m the alkalescence of the blood 
m then expenments In this respect an important diveigence exists 
1 lom the conditions found m expemnental intoxication by acid= 

Salaskm and Zalesla find a striking diffeience m the lesults of cx- 
rnpation of the hvei from those following the Eck fistula oi destiuction 
of the liver by injection of acids into the bile ducts With the Eck 
fistula the sinthesis of ammonia into uiea is defective, there is increase 
of ammonium caibamate m the blood and intoxication by this agent , the 
caibon dioxicl of the blood is not leduced, and the mine is alkaline Aftei 
extirpation of the liver moie complicated piocesses anse, the synthesis 
of ammonia into uiea is defectne^ lactic and othei acids aie pioduced m 
excels with conespondmg mciease of ammonia, the caibon dioxid con- 
tent of the blood is piobably leduced and the mine is acid Biedl and 
Wmteiboig weie unable to verify some of the above observations, pos- 
sibly owing to diffeiences m technics and, like Lieblem, they assert that 
ammonium caibamate is not dnectly concerned m these intoxications 
Millie the exact details and intei pi etation of lesults mav be left to 
futuie mvestigatois, the significance of the obsenations of the Russian 
school need not be seriously doubted 

The studies m tins field aie of fundamental importance, not onl\ 
foi the plnsiolog} of nitiogenous metabolism, but foi the doctrine of 
acid intoxication They show' that ammonia is e ? sentiall\ connected with 
ihe foi mation of uiea and the functions of the hvei and that tin 5 ; m mai \ 
measme of acidosis mav be mci eased b> pnman disturbance of hepatic 
function, in which an entneh ^econdarj and theoretical acidosis e\i«t= 
When such a pnman distuibaime of the lnei occui^ as fiom an 
Eck fistula it is olnious that not onlc the uiea-foinnng function but 
all the othei functions aie disoideied 01 abolished Hence the tendencc 
to leiei all the sMuptoms to the action of one agent such as eaibanue 
lend mint lead to grace enoi It falls outside the -cope of the present 
topic to eonsidei in detail the biliaic function the 1 elation <0 raibo- 
Indiate met abolism. and othei phases of nuiogenou= metabolism 01 to 
dwell on ihe \anou« 'nmptoim aecompamnur disturbance of ilie=^ func- 
t’on- but it pi obahle that in hepatic di=ea=e associated with o\o« 
ot uunaic ammonia the miluence of all tlie-e factoi= mac hace to bn 
t>>u-i hied 
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It lias thus been show n by the foregoing lines of expenmental re- 
seat ch that 

1 It is possible to kill animals by injections of mmeial acids or even 
of organic acids m large quantity, and such animals die vith marked 
reduclion of some of the aeid-neuti aiming pioperties of the blood and 
with diminished carbon dioxid content sufficient to explain their peculiar 
dyspnea In such ca«es the urine shows marked reduction of urea 
nitrogen and cone c pondmg excess of ammonia, which is diverted to 
neutralize the acids The autopsy findings indicate death from asphyxia, 
and the organs aie free from notable lesions 

2 When the functions of the liver are abolished, animals die vuth 
very pionounced neivous symptoms, extreme loss of urea nitrogen, high 
ammonia nitiogen, and the presence m blood and urine of carbamic 
acid and ammonia, the chief antecedents of uiea, and with considerable 
lactic acid The unnary signs of acidosis are pionounced and in many 
respects smnlai to those seen aftei experimental acid poisonmg, but in 
the ease of the Eck fistula no increased formation of acids has occurred, 
no absti action of tissue alkali can be assumed, and death must result from 
some different mechanism, possibly fiom intoxication with accumulating 
antedecedents of uiea The autopsy shows nearly complete destruction 
of the liver, secondary degeneration of other oigans but little reduction 
of blood alkalescence or carbon dioxid content After extirpation of the 
livei moie complicated piocesses arise, marked by increase of lactic acid 
and by excess of ammonia from failuie of uiea synthesis and probably 
from diversion of ammonia for the neutralization of acids 

Armed with these two striking pictures furnished by experimental 
pathology one may now safely enter the field of clinical medicine, to 
ascertain to what extent these piototypes are reproduced by spontaneous 
diseases of man and lower animals 

3 Clinical Development or the Doctbente of Acid Ixtox:icatioa t 

In 1857 Fetters shoved that the penetrating odor of the bieath 
urme and organs of diabetic subjects is caused by acetone, and he first 
referred the coma of diabetes to acetone poisoning Later Ivaulich dem- 
onstrated acetone in the urine of man} r diabetics and described a group 
of nervous symptoms as a characteristic clinical picture of acetonemia 
This substance was subsequently found m the urine m many other con- 
ditions, some of v Inch showed no nervous svmptoms and opinions be- 
came divided regarding the significance of acetonemia, some holding that 
it was the cause of the terminal intoxication of diabetes and of neivous 
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srnrptoms m manv diseases, others believing that it possessed little 01 
no impoitant clinical significance 

Kussmanl was very direct m Ins criticism of the idea of acetone in- 
toxication He pointed out that acetone had long been used in the tieat- 
ment of phthisis and that m considerable quantities it was entneh 
■without toxic effects m man In a case of advanced phthisis he adnnn- 
lsteied 4 gm daily foi six weeks without noting any of the svmptoms de- 
scribed In Kaulicli He tested the toxicity of acetone m labbits and 
dogs and concluded that it was much less toxic than cliloiofoim and 
slightly more so than alcohol, which it closely resembled m action 

KussmauVs Coma 

In 1874 Kussmanl drew’ attention to the peculiar clinical featuies of 
ceitam cases of diabetic coma and shaiplv distinguished them from those 
of Kaulich s acetonemia These featuies weie 

1 A chaiactenstic foim of dyspnea The respiratoiv morements 
weie reiy deep regular, g?ossc Aiming, and somewhat accelerated, 20 
to 40 per minute The movement of an w'as entnel) unobstiucted and 
venous congestion of the jugulai veins dui mg life and of the usceia 
after death was absent The contrast between the geneial weakness and 
the deep poweiful lespnation was most striking 

2 A rapid and weak lieait action, 120 to 140 per minute 

•3 Xeivous excitation lestlessness, sci earning, -jactitation and lnpo- 
ga-tnc pain 

4 Coma beginning one or more hours after the appeal ance of 
drspnea and continuing till death The tempera true, slightly derated 
at first became subnoimal and the pupils were noimal or contiacted 

Ivussmaul concluded that this form of coma was caused bj a direct 
stimulus of the lespiralon center bv some intoxication arising m the 
cnui«e of the disease and not from lo=s of oxrgen or accumulation of 
carbon dioxid, oi from acetone poisoning 

Ton Jal Dili's Acetonemia 

The next adrance m the study of diabetic coma was rurnidicd In 

ron dak«ch who m 1SS3 showed that Geiliardt s feme clilonc te- 
at turn in febule and diabetic urines was referable to diacetic acid 
Although a* Toltn points out von Takscli was dealing with a imxtuie 
of diacetic and heta-ox\butnic acid- tin* was the fir-t cicmoimiation of 
acid substances m the acetone sene* Instead of bringing the oh**. na- 
tion m line wnh the exccssire urinan ammonia in chabete* von Takvb 
I’nuh bJn\cd m the direct toxic action of acetone and diaccuc acid 
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and lie conducted an elaboiate classification of the vanous clinical 
f 01 111 s of acetonemia 

Anothei chaiacteiislic of diabetic mine nhicli leqmred explanation 
Mas tlie high piopoition of ammonia demonstiated by Hallervoiden 
In one case he found 5 96 gm of ammonia excieted m one day, an 
amount equal to 60 c c aqua ammonia and equivalent to 17 18 gm of 
concentiated sulphune acid A paiallel between the excretion of am- 
monia and the intensity of the disease ajipeaied not to exist Haller- 
voiden accepted the view that the ammonia signified neutralization of 
acids and he admmisteied 45 gm of sodium bicaibonate with the idea 
of leplacmg the ammonia, but the expenment failed to piove the theory, 
as the ammonia lemamed unaltered 

Discovciy of Otybvtyi ic Acid in Diabetes 

It was an essential contubution to the subject when Stadelmann, by 
balancing the known acids and bases, pioved that diabetic urine contains 
a gieat excess of bases over that leqiuied to neutralize the moigamc 
acids, and hence that some unknown organic acid must exist m the 
highly acid diabetic urine He attempted to isolate the acid and ob- 
tained a substance free from nitrogen and sulphur winch he regarded as 
crotonic acid, CH 2 CHCH 2 COOH He diew the furthei impoitant 
conclusion that diabetic coma of KussmauFs type is identical m chai- 
actei with that piodueed by Walter by ingestion of hydiochlonc acid m 
rabbits and that it must be, therefore, an acid intoxication and he 
announced Ins determination to treat his next case of coma with sodium 
carbonate 

Stadelmann’s woik was piomptly followed by the demonstration, 
simultaneously by Kulz and by Minkowski, of beta-oxybutyric as the 
questionable acid m diabetic urine Besides beta-oxybutyric acid and its 
derivative, diacetic acid, winch may be regarded as of similar significance, 
diabetic urine is said to contain othei oiganie acids winch may figure m 
the intoxication Beckoning acetone as diacetic acid, fioni winch it is 
lapidly foimed m the uime, the total quantity of diacetic acid m coma 
seldom leaches the maximum observed by Magnus-Levy — 33 gm in a 
case giving 120 gm beta-oxybutyric acid Usually acetone and diacetic 
acid aie much less m amount, so that they usually contribute a very 
small pait of the acidosis 

Traces of lactic acid have been found (Buinpf), but they may result 
fiom feimentation of sugar The sarcolactic acid of Minkowski was 
probably a terminal oi postmortem product Volatile fatty acids w r ere 
isolated by von Jakseh and by Bumpf, but Magnus-Levy cnticizes the 
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methods employed and belieies that sucli piodncts aie chiefly demed 
irom changes m beta-oxybutyne acid If present as such the quantities 
aie trifling, so that diabetic acidosis is almost entirely due to diacetic 
and beta-o\) T butyiie acids 

Wlule the majority of observers at this time weie rather trimly con- 
vinced that the dy spneic coma of diabetes w as the result of abstraction 
of alkalies from the blood and tissues, a true acid action, von Jaksch 
and others held to the theoiy of a "coma diaeeticum” caused by dnect 
toxic action of acetone compounds and it was geneially acknowledged 
that decisive proof had not been furnished for either theoiy It was 
especially the comparative resistance of carnivoia to acid poisoning and 
the demonstration by Coranda that man resembles the dog m his feeble 
response to ingested acids that established a senous doubt, not yet en- 
tirely removed, that a fatal acid intoxication could ever arise spontane- 
ously m the couise of disease m man 

Clinical Studies of Oxybutync Acid in Diabetes 

In the minds of many the final evidence m favor of the acid intoxica- 
tion theory of diabetic coma has been furnished from the clinical side, 
v hence alone it could come, by numerous quantitative estimations of the 
excretion of acetone compounds m a series of cases On such observa- 
tions m diabetic coma must rest the final veidict regarding the signifi- 
cance of this form of acidosiS, for m no other conditions are the acetone 
compounds present m such quantity and nowhere else do characteristic 
symptoms seem so definitely connected with acidosis 

The earlier observations indicated that beta-oxybuty ric acid or the 
sum total of acetone compounds m diabetes were formed m considerable 
but not m really large quantities Stadelmann calculated from the 
excess of urinary bases that S to 23 gm of the acid measured the daily 
excietion in his case of coma Minkowski after the administration of 
alkali, found 24 gm on the day of fatal coma Wolpe, m nine cases, 
found an average of 5 gm , but 23 gm appeared m a comatose patient 
He could not establish a parallel between the ammonia and acid ex- 
cretion Latei Minkowski found that an excretion of 16 gm daily’ had 
risen, after three weeks, to 53 gm during coma. On the other hand. 
Baumann obtained only 10 gm from liters of urine parsed during 
the final forty-eight hours of coma. 

The most extensile report on the quantitative excretion of beta- 
ox\ buty r’c acid is that of Magnus-Lcvy, and many believe that the 
enormous quantities which tins obsener has found m cerium cases has 
fnrmdicd the final proof of the acid into-\ication theory of diaocnc coma 
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Wliile beta-oxybutync acid is absent m mild cases of diabetes, 
Magnus-Lev 3 r concludes from moie than tlmty subjects that tins acid is 
piesent m all severe cases of the disease and tends to meiease as the dis- 
ease progresses, ranging m eases fiee from coma fiom 7 to 30 gm daily 
Yet lie reports one severe case progressing unfavorably m which only 
tiaces weie found, and Ins and other reports show great variations m 
the amount of acid excreted In coma veiy much larger amounts appear, 
especially with alkali treatment In one remarkable case (VI) the 
enormous quantity of 157 gm of beta-oxybutync and diacetic acids was 
estimated fiom the excess of bases over moiganic acids m 92 liters of 
urme In another case 107 gm weie found, or 4 to 4 5 gm per kilo of 
the patient s weight Yet m four cases coma appeared when the excre- 
tion of acids ran from 20 to 40 gm and one instance (II) coma 
developed when only 2 5 gm were found 

It is clear that the very large quantities of acid recorded m these 
reports were largely referable to excessive diuiesis fiom sodium bicar- 
bonate Yet the acid was piesent m the body, and Magnus-Levy calcu- 
lates, with what validity is uncertain, that m a patient weighing 30 kg 
and excreting 143 gm of beta-oxybutvric acid, fatal acidification of the 
body would be produced by 80 to 150 gm of the acid However uncer- 
tain such computations may be, it is obvious that the quantities of 
organic acids m diabetic urine aie far bej'ond any reasonable limit of 
safety 

The relation to symptoms must be detei mined, however, not solely 
from their presence m the urine, but from evidence of their existence 
and action m the body From Magnus-Levy’s table, considered merely as 
statistics, it is possible to argue that the coma was caused by glucose or 
ammonia, quite as much as by beta-oxjdmtyric acid, for all these sub- 
stances were enormously increased by the alkaline diuretic It is 
necessary to inquire to what extent the other features of Walter’s acid 
poisoning aie represented m diabetic coma 

The alkalescence of the blood, as measured by the carbon dioxid 
content, was found by Minkowski to be 30 volumes per cent m normal 
human arterial blood, 1 17 volumes per cent m a diabetic subject free 
trom coma, and 3 3 volumes per cent some weeks later during coma 
At the same time the venous blood showed 19 5 volumes per cent (1,000 
mm pressuie) Kraus m thirteen cases found the carbon dioxid m 
venous blood (at 760 mm pressure) from 10 20 to 19 77 volumes pei 
cent (noimal, 35 to 40 volumes pei cent ) 
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The titiatable alkali of the venous blood was determined by Kiaus 
in a fatal coma and found to have fallen to 125 mg sodium hjdiate foi 
100 c c of blood, nonnal 185 to 220 mg 

Magnus-Levy, using Love's method, found that normal blood jielded 
an alkali value almost nevei less than 260 mg sodium liydiate, and 
seldom more than 400 mg, while this alkalinity was not gieatly reduced 
m any other condition except diabetic coma In mild cases of diabetes 
the alkalescence was found within normal limits In thiee sevcie cases 
coma began with normal alkalinity (361, 290, 324 mg ), but fell dui mg 
its progress to 234 and 124 mg and m one ease recovering undei alkalies 
it lose flora 324 to 362 mg falling to 154 mg m the blood five minutes 
po'd moi tern 

These lesults with the eaibon dioxid content and alkalinity of the 
blood, while fai fiom demonstrative, may be regarded as consistent with 
the theory of acid intoxication 

In the blood and organs considerable quantities of beta-oxybutyric 
acid have been found which, especially in conjunction with other acids, 
may at least paitially account for the reduced alkalescence Minkowski 
deieimmed the presence of over 0 22 per cent of the acid m the blood of 
the cadaver Magnus-Levy analyzed the blood and organs of tlnee cases, 
finding as much as 0 22 pei cent m the blood, 0 14 per cent m livei, 
0 IT pei cent m spleen and 0 13 per cent m the muscles, besides acetone, 
diaoetic and lactic acids In a patient of 45 kg weight he calculated 
that the beta-oxybutync acid amounted to 100 gm Assuming an 
aiciage fall m blood alkalescence m fatal coma of 220 mg sodium 
hydrate (Low} s method) he calculates that tins could be pioduced b) 
5T2 mg of beta-ox} but} ric acid per 100 cc blood, which amount was 
actualh found m the blood by Hogounenq 

ALKALI THERAPY IX DIABETIC COHA 

The results of alkali therapy further extend the parallel between 
diabetic coma and Matters acid poisoning The results of the practical 
test of Stadelmann's suggestion that the acid d}spneic coma might be 
combated by neutralizing the acids with alkalies were entircl} unsuc- 
ie«ful, both m his own hands with Ilallervorden, who anticipated him 
and with his immediate imitator^ Patients in coma or excreting large 
amounts of ammonia failed to impiote when given 20 to 40 gm of 
‘■odium bicarbonate "When the quant it} of alkali was increased better 
rcuiliS were obtained Magnus-Levy failed to abort fatal coma in three 
of lour eise= although one of them recencd 200 gm of sod*um tv car- 
bon no but m a bo} of If } ears he appeared to succeed in ebor on i, o 
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attacks of coma by the enoimous quantities of 210 and 200 gm on the 
day of seveiest symptoms, although the uime lemamed acid It is, of 
couise, unceitam how severe these symptoms Mould have been without 
tieatment 

In a second case, a child of 12 yeais, 100 gm sodium bicarbonate 
was followed by the excretion of 7 liters of urine with 107 6 gm of 
acid, and by maiked impiovement Minkowski also reported one case of 
coma cuied by alkali and Grnbe desenbes complete recovery from a 
definite coma m one adult with similar treatment 

In recent 3 ears reports and opinions regaidmg the efficacy of alkalies 
have varied gieatly and failures certainly far outnumber the successes 
Haunyn, m a lecent review, states that m fully developed cases, intra- 
venous injection of alkali does not lelieve the coma, but at most causes 
temporary improvement Before the outbreak of the coma, however, the 
results are much better He was able to abort three attacks, but failed 
m the fourth occurring in the same patient 

The successful results seem to occui only m young subjects and m 
these, although some attacks may be influenced, later ones are fatal 
Haim 3m could report no case of coma in an adult cuied b} r alkali Al- 
though a consistent advocate of the alkali treatment, he freely admits 
that the good results may be due to other than the acid-neutrahzmg 
properties In Young’s case coma subsided for eleven days after venesec- 
tion and injection with salt solution Hilton-Fagge relieved another by 
infusion with the acid mixture sodium chlorate and sodium phosphate 1 
In Naunyn’s experience, 777 cases, the regulation of the diet with 
judicious use of carbohydrates seemed to be equallv effective Schwarz 
asserts that he cuied by gluconic acid a case iesi sting alkali Here the 
antiketogenic influence of this acid was supposed to come into action 
Finally it is admitted that dyspneic coma may develop during the ad- 
ministration of alkali and while the urine is alkaline, that is, when 
enough alkali is present to protect the tissues In this connection it 
need not be overlooked that alkalies have themselves no inconsiderable 
tendenc3 r to mciease the formation or excretion of acetone compounds 

THEORETICAL CONSIDERATIONS 

Are theie any explanations which may account for these conflicting 
data and still leave the theory of acid intoxication a tenable hypothesis ? 
Humerous efforts have been made to lighten the obscunties m this field 
with a success variously estimated by different authorities 

1 It may be maintained, first, that there are several types of coma 
m diabetes Haumn describes three, briefly indicated as (a) Typical 
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acid dtspneie coma (b) coma of doubtful hpe suggesting acid, intoxica- 
tion ui tb severe acidosis^ (c) coma of the same hpe without seveie 
acidosis One may, therefore, suppose that the cases w Inch resist alkali 
are not the acid, type of coma and that diabetic coma is not alwats of 
essentially the same origin The majority of clinicians, liowevei, aie 
piobably represented hr von Hoorden, who hesitates to accept this sub- 
division of the essential coma of diabetes They prefer to suppose that 
Uie acid element of the coma is of necessity relieved by alkali, but that 
otliei contributing factors are uninfluenced 

2 Another line of argument is based on the possibility that the alkali 
when administered ma} not reach the acid m time or m sufficient quantity 
to neutialize it A secondary hypothesis supposes that the acids before 
neutralization cause in the organs changes which themselves prove fatal, 
even after the acids are neutralized The validity of these lijpotlieses 
can be estimated only In a minute consideration of the place of formation 
and the source of heta-orvbuhric acid, and it is not probable that in the 
present state of our knowledge a definite conclusion can be reached. 
Ani acids derived front the fats and proteins of the blood or immediateh 
1 caching the blood from the tissues must be neutralized piomptly by 
circulating alkali when this is introduced mtravenoush , or even when 
administered by mouth unless absorption is greatly retarded It is not 
probable that acids from this source can cause any great loss of tissue 
alkali during alkaline treatment Much the same condition must hold 
for the acids produced m the muscles 

Magnus-Levy conceives the acids a« forming within organ cells and 
stieaming into the blood plasma but not before abstracting the fixed 
alkalies of the cells, which are thereby damaged. e\en m the presence of 
abundance of alkali in the blood. Hence, the alkali would be entireh 
effective only when piesent witlim the cells From this quite hypothetical 
point of view it seems possible to explam the failure of the alkal. therapy 
m the presence of a pureh acid intoxication In fact, while animal 5 
poisoned In acid in extremis react promptly to the injection of alkali it 
i* a wonder that any one should expect the human body suffering from 
spontaneous!} forming intracellular acids to react m the =anie decisive 
manner 

Landau finds that m rabbits showing acidosis from phosphorus poison- 
ing administration of alkali has no effect on the total blood alkalescent c 
owing to the rapid excretion of the alkali b} the urine which bocotms 
ilkahne and continuous foimation of acids from tox>c destruction of 
tissue 2 In fa=ting rabbits. ,n which the ec’do=i= is referable to sulphuric 
and phosphoric uc»ds uul not to nceione compounds so, hum carbon* 
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promptly bungs the blood alkalescence to noimal and is able to hold it 
there, since m stmvation acids are not so lapidly produced Such con- 
siderations leveal some of the neces^an limitations of alkali tlieiapy m 
disease At any rate, it must be accepted as a fact that diabetic coma 
is seldom 01 never cuied by neutiahzation of acids, although it is probable 
that coma ma} r be improved or even postponed by alkali tlieiapy 

Against the puiely acid natuie of diabetic intoxication the objec- 
tions seem to be fai more direct 

1 Theie is the ivell-attested fact that coma closely resembling the 
dyspneie type may occur with little 01 no acidosis (Munzer and Stiassei, 
Leprae, Kraus), but theie seems to be insufficient ground for assuming 
that the condition is essentially diffei ent fiom that of the more typical 
cases In Munzer and Stiassei’s case diacetic acid and acetone were 
present m abundance, but beta-oxjbutjnc acid was absent and no 
acetone compounds could be found m the blood of the cadaver Magnus- 
Levy expresses the opinion that these obseivations are unreliable In 
Magnus-Levy’s Case 5, typical acid coma on one day was relieved by 
alkali, but recurred the next day without the ctyspnea, yet Magnus-Levy 
believes that on the tuo days it was of identical ongm 

2 Coma may impiove when the urine still remains acid (Magnus- 
Levy) and may remain unaffected when the urine becomes alkaline 

3 The ammonia excietion, which is supposed to measure the degree 
of acidosis, does not run paiallel with the quantity of acids as deteimmed 
by other methods, and admmistiation of alkali may not reduce the pei- 
centage of urinary ammonia 

It seems to be a still debatable question whether KussmauFs dyspneie 
coma is specific of diabqtes and acid poisoning 

Litten long ago described typical KussmauFs coma in scailatmal 
nephritis and, under the title “coma dyspeptieum,” he described very 
similar features m cases of marked gastric disturbance Senator con- 
cluded that dyspneie coma occurs in othei fatal diseases, as pernicious 
anemia and cancer, m which it is not associated with marked acidosis 
Herzog also has recently pointed out the difficulties of distinguishing be- 
tween diabetic and other forms of coma 

4 The ingestion or infusion of alkali has other prominent effects m 
addition to that of neutralizing acids It is actively diuretic In 
Masnus-Levy^s most striking case of recovery from coma undei alkali 
treatment 220 gm sodium bicarbonate m forty-eight hours mex eased 
the uime 273 per cent, the sugar 330 per cent, the organic acids 220 
per cent When the urine is increased fiom 2 6 liters to 7 1 liters it is 
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clear that opportunity lias been given dunng tins violent washing of 
tissues for excietion of many other noxious substances besides acids 
From the figures m this remarkable case taken w ltliout reference to 
the natuie of the substance concerned we might suppose that the 
enormous output of sugar lelieved the patient moie than the removal of 
acids Lepme believes that the alkaline tieatment does good not 
especially because it neutralizes acids — for the sodium salts of propionic, 
butyi ic, and lactic acids aie toxic — but largely because it is diuietic 

It is on the physiologic action and not on the amounts of the sub- 
stances excieted that the significance of the table depends 

Benedict adds to the obseunty of the subject by the lesults of ob- 
servations on the hydrogen and hydioxyl ion content of the blood m 
diabetic coma It was shown by Szili that the hjfihoxyl ion concenti ation 
of the blood, while identical with that of distilled watei, is neveitheless 
leduced 95 per cent m animals dung from injections of hjdiochloric 
acid, in other words, that it is acid as determined by this method 
Boned 1 ct, however, finds that m diabetes with severe acidosis the con- 
centration of hydroxyl ions usually vanes within normal limits In 
coma it may be slightly diminished, but it is not far from the noiraal 
and is not lowered nearly as much as m othei conditions m which sjmp- 
toms of intoxication are absent Farkas and Scipiades m two cases of 
noimal pregnancy found lowrni readings for the hydroxyl ions than were 
obtained m Benedict's case of fatal diabetic coma It may well prove, 
as Folm surmises, that physical chemical laws governing the solution of 
election tes are of little significance m pathologic physiology, and jet 
the fact lemams that Benedict has bi ought to light a new point of dif- 
ference between diabetic coma and experimental acid poisoning, and one 
that can not be lightly dismissed without further explanation 

o The caibon dioxid content of the blood is greatly leduced m acid 
coma, but Mejer and Kraus find it greatly reduced m other conditions 
which aie not marked by KussmauTs signs, viz, m poisoning by manj 
hemohiic agents, m miliary tuberculosis and erjsipelas Kraus al=o re- 
poits three cases of diabetic coma m winch carbon dioxid content wa= 
\er\ slightly altered, diacetic acid absent, and yet the sj nip toms could 
liaulh be distinguished from dupneic coma These remits suggest the 
need of lepetition of the studies m the carbon dioxid content of the blood 
Fmalh it is a fact of frequent verification that patients ma 1 , Ion f i 
uithsund a set ere aetdons that coma frequently c upcrvenes with dimm- 
ifiimg excretion of sugat and ammonia while Xaumn reform to a <.e-< 
whuli for =i\ \tars with=iood pronounced acido='= with fi'e aid of .fi' du 
but findh dud m coma m =pue of them Ad thc-e obrnne’-on; .1 >! 
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to indicate that there is some essential process which is responsible both 
foi the acids and foi the coma, and that a successful therapy must attack 
this earlier process 

In spite of the prodigious labor devoted to the subject over a period 
of thirty years, it is evident that the existence of an acid intoxication has 
not been placed beyond the field of debate So many uncertainties still 
surround this question that nearly all of those who have caiefully con- 
sidered the available evidence hare declined to take a positive stand on 
either side, and icgaid the matter as undetermined The question is so 
complex and its phases reach out into so many branches of medical and 
collateral science as to suggest that the final verdict must await further 
progress m all departments The practical value of the theory as a basis 
for hopeful therapeutics is its strongest plea for acceptance and here, at 
the same time, is presented its most potent weakness 

It is my personal opinion that the experimental basis of the theoiy of 
acid intoxication is sufficiently well founded and the chemical studies 01 
diabetes furnish adequate grounds foi concluding that acid intoxication 
produces coma m diabetes, but the clinical evidence is quite unsatisfac- 
tory The clinical data point to the occurrence of identical symptoms m 
other conditions and even m diabetes m which there is compaiatively 
little evidence of acidosis, while coma fails to develop with many diabetics 
with very severe acidosis These facts appear to me n reconcilable with 
the assumption of an exclusively acid origin of diabetic coma, and lead 
me to think that acidosis is one of several factors leading to this coma, 
but one which stamps it until certain peculiar qualities 

The status of the whole subject of acid intoxication appears to depend 
on its position m diabetes On this point Magnus-Levy is especially 
emphatic, asserting that m diabetic coma alone true acid intoxication 
exists; m all other conditions there is, m the sense of bTaunyn, only 
physiologic acidosis 

Al l may not agree with this conclusion, but it is clear that m no 
other condition does the acidosis leach the same intensity as m diabetes 
Yet the enormous amounts of beta-oxybutyric acid found by Magnus- 
Levy stand almost alone, and it is desirable that his results should be 
verified by independent observers 

It is equally clear that the direct attack on the pioblem by observa- 
tions on human diabetes, on the results of alkali theiapv, and on the 
experimental production of acidosis, have not succeeded in reaching a 
solution More fundamental knowledge of the occuirence, source, cliem- 
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istry, and physiology of the acetone compounds is needed befoie the 
collect interpretation of diabetic acidosis can be attained, and to the 
numerous contributions m this held attention urn next be tinned 
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HYPEENEPHROMA 


FRANK J HALL, MD 

From the Pathologic Laboratory of the University of Chicago and the Author’s 

Laboratory of Clinical Pathology 
KANSAS CITT, MO 

The cunous tiunoi of which this papei treats, is one that has aioused 
an immense amount of interest, as well as some controversy, among the 
pathologists of the world In Euiope, particularly, has the neoplasm 
been studied and all its types described In this country, the papei by 
A 0 J Kell}’’, published m 1896, remains the most important and is the 
basis of most of the Amencan work on these tumors To examine the 
text-books treating of renal tumois is to see the confusion the varieties 
of hipernephioma have cieated m the minds of authois 

On account of the varying moiphology of these growths, pathologists 
lia\e descnbed them undei such different titles as angiosarcoma, 
perithelioma, papillaiy adenocarcinoma and cystoma, clear-celled epn- 
thelioma, splieioidal-celled caicmoma, alveolar endothelioma, sarcoma, 
adenoma and adienal adenoma Each observer seems to have excellent 
ground foi Ins opinion, because, as a rule, the diagnosis is based on 
scant matenal, often on one case In hut few tumors are there so many 
and diverse microscopic pictures presented, and yet there is a generic 
similarity so striking that any experienced obseiver can identify them at 
a glance. 

This vanation m histologic structure is manifest not only in different 
examples of the growth, but m different areas of the same specimen, 
hence the necessity of studying long series of the tumors to determine 
the constants and variants, m order that the true tissue picture may be 
fixed m the mind After such a study, the growth becomes a wondei fully 
individualized tumor type, and its vagaries are no longer confusing to 
the student All the departures from the classical plan of construction 
can readily be explained when one becomes familiar with the accidents 
of grov tli, vascularization and degeneration that habitually occur in 
examples of hypernephroma In the senes before me are most of the 
vaneties described m the literature 

Fox many 3 ears the small islands of adrenal tissue beneath the capsule 
of the kidney have been observed, and it has been the common inference 
that the lenal hypernephroma springs from these adrenal rests The 
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a i gu merits to suppoit this mcw are based on anatomical, chemical and 
histological giounds and seem valid, yet specimens that clearly demon- 
strate the situation aie certainly rare In the umtei’s observations of 
matenal in the collection of the Univeisity of Chicago, not a single 
specimen uas found that was satisfying on this point In fact, m but 
one specimen known to the wntei does the ongm from the ectopic adrenal 
seem clear, and that specimen is m the collection of the Northwestern 
University Medical School Tins case Mill be discussed later 

It is not well to overlook the possibility of other souices of origin It 
is a well known fact that m some cases of moibid growths of the thyroid 
gland that are structurally simple, adenomata give rise to metastases of 
tumois udiose structure is very similar to normal thyroid In an article 
m the last edition of the Kefeience Handbook of the Medical Sciences by 
II G Wells on the thyroid gland, mention is made of the tumois 
ongmatmg from the thyroid, some of which have a wonderfully close 
resemblance m structure and behavioi to the tumois originating from 
adrenal tissue Some of these tumors are in structure simple adenomas, 
yet they metastasize m the hones, lungs, liver and kidneys The peculiar 
disposition they have of invading the veins is also seen m the hyper- 
nephromas In Case 13 of the v liter’s series, it seems not unv r ai ranted 
to infer the possibility of transference of adrenal cells through an 
aberrant blood vessel extending from the adrenal to the tumoi 

In forming a conception of these neoplasms, it is n r ell to begin with 
the study of the apparently normal bits of adrenal gland enclosed m the 
kidney capsule Figure 19 shou'S these deposits to be perfectly normal 
adi enal cortex In the most typical adenomatous tumors the only marked 
deviation fiorn the normal histologic type is a simple broadening of the 
columns of parenchymatous cells The regular alternation of blood 
vessel and cell column is well shown m Figure 24 A step fuithei and the 
broadened cell columns soften m the center and u r e see a picture le- 
semblmg an irregularly u'alled tubular gland (Fig 25 ) , oi, if distension 
h om fluid occurs, the picture becomes that of a papillary cyst (Fig 23) 

In some cases, the softened center of the cell columns admits blood, and 
Me are confronted noth a picture of a perithelioma oi angiosaicoma 

(Fig 21) 

The most unusual type is probably the fatty hypernephroma, whicn 
has been discussed recently by Keenan and Archibald These tumois aie 
simply hypernephromas n'hose paienchymatous elements are replaced 
fat-cells This transfoimation seems to depend on a ver} neak utahtv 
of the tissues invaded In one case of the uniter's series is a specimen 
which has become segiegated from its blood suppl} and has mummified 
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Fig 1 shews the dead nodule m the kidney Weil says that the cystic 
variety of hypemephioma is simply a greatly degenerated example of the 
moie hemonhagic types of the tumor Case 11 of the ■writer’s senes is 
well on the v ay to become a cystic hypernephroma 

The histologic aspects are haidlv less remaikable m lespeet to vana- 
tions than the gross morphology (Figs 20 to 25) 

Some few cases of these tumors have been reported m England as 
having occurred m children who were the victims of obesity and excessive 
growth of hair These cases mav represent a curious effect on metabolism 
effected by some perversion of the mternal secretion of these tumois, 
thus indicating their relationship to tumois or adenomas of the 
hypophysis and thyroid and differentiating them physiologically fiom all 
othei malignant tumors, since no carcinoma or sarcoma has any such 
specific effects 

Many authorities bring up the question of the production of aiteno- 
selerosis by the adrenal secretion and it is a very common observation 
that patients dying of hypernephroma have an extreme degree of cal- 
careous degeneration of their blood vessels In Case 13 of this series 
an unusual degree of calcareous degeneration existed The superficial 
vessels of the thorax looked like twisted pipe-stems under the skm, and 
were broken between the fingers with au audible crackle The long 
histoiy of this case, and the lack of destructive malignancy display ed by 
the tumor dui mg a very long period of its existence, suggests the possi- 
bility of chronic adrenal intoxication with consequent arterial degen- 
eration 

A considerable amount of chemical u oik has been done on these 
tumois, and some peculiar reactions have been described as specific 
Cioftan claims that a watery extract of these tumors injected into dogs 
and labbits produces glycosuria, that it converts uncooked staich into 
dextrose and maltose, and that it decolorizes boiled starch stamed ruth 
10 dm The writer has subjected all the tumors reported m tins paper 
to the last two tests and found the reactions described in every case 
Control tests with other neoplasms have constantly failed Thus it 
seems that the chemical properties are no less interesting than the micro- 
scopical and clinical features 

So far as the wnter knows, adienalm has nevei been manufactured 
f lorn the tissues from these tumors "Wells has found that the proportion 
of fat, lecithin and eholesterm present m hypernephromas corresponds 
closely with the piopoition and amount found m normal adrenals, and is 
quite different fiom the fat and lipoid content of other tumors 
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The general clinical featmes, the mode of metastasis, and the tumarj' 
findings, have all been so elaborately desciibed m the later literatuie 
that the wntei will omit these details and pioeeed to report a series 
of cases 

REPORT OF CASES 

Case 1 — History — Mr F, aged 69, business man This man had been for 
yeais past m good health, though very spare of build Twenty days before com- 
ing undei obsei ration ho attempted to push a heavy window up with a push stick 
The implement slipped and threw the patient with some violence against the 
window sill Tins gaie him great pain m the right loin, the part struck He 
vent to Ins home that evening complaining of the pam That night he noticed 
blood m Ins urine In the urine there were noted long cylinders of clotted blood 
There appeared, on the subsequent days, great pam in the region of the right 
kidney and along the right ureter Spasm was of frequent occurrence preceding 
the expulsion of the uieteial blood casts Relief was sudden and complete after 
the clots passed There were no easts in the urine at any time 

Diagnosis — A surgeon was consulted ten days after the appearance of the 
hematuria, who diagnosed renal stone and advised operation Consultants sug- 
gested the possibility of tiaumatie rupture of some renal vessel 

Ticatment — Opeiation was performed bv Dr J F Bmme The right kidney 
was split and caieful search was instituted for stone or ruptured vessels Nothing 
of the kind being found, the kidney was drained and left alone Ten days later 
the patient died, apparently from exhaustion and loss of blood, as the hematuria 
had persisted and further operation was refused 

Autopsy — The postmortem was performed by a medical student who was 
nursing the patient and no careful examination made, simply the kidneys being 
secured and brought to the writer 

The right kidney was found slightly lengthened, being 21 cm long In the 
upper pole and to the posteiioi side was a flattened oval tumor that extended to 
the center of the kidney, invading the pelvis by a slender tongue The renal vein 
was not preserved The color of this tumor was light buff, variegated with brown 
and margined with a very dark, almost black, color The substance u r as pulpy> 
but not necrotic The tumor seems shaiply marked off from the renal substance 
by a fairly defined capsule of shining white sclerotic tissue The entire tumor was 
broken up into spherical masses of varying size by bands of fibrous tissue 

The histologic structure of this tumor is as follows At first glance there 
appears undei the lowrni power, a gieat expanse of moderate sized, cleai cells 
having large, vesicular nuclei variously placed, the cells seem to occupy elongated 
alveoli separated from each other by a delicate connective tissue stroma Under 
the high power, the cells are seen to be attached to these septa of connective 
tissue, the first rows seeming to be m a better state of nutrition, as they stain 
deeply watli eosm, Avhile the rows far removed present distended cell-walls and 
an almost colorless cytoplasm Indeed, in many places, the areas farthest away 
from the connective tissue base are showing unmistakable signs of granular dis- 
integration and liquefaction, leaving the area presenting the features of a cyst 
lined with several rows of epithelium The examination of the stroma shows 
this to be made up of a central capillary blood vessel supported by a few strands 
of connective tissue Here and there, at broad intersecting or junction points, 
are aggregations of small round cells 

It is evident that the tumor is one whose parenchyma rests on scantily clad 
capillary blood vessels, and that all the varying features are the result of a cell 
prolifei ation m excess of the nutrition furnished by the vessel® and, as the soft- 
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enmg of alveoli of cells takes place, pseudo-cysts aie formed Otherwise one 
might, if looking at certain sections, pronounce the growth a cystic adenopapil- 
loma The dark emargmation of certain of the nodules is seen to he due to blood 
pigment that is being carried away from the tumor by carrier cells The relation 
of cells to blood vessels, and the character of the nuclei and bodies of the paren- 
chymatous cells, closely resemble the same features of the adrenal, hence the 
diagnosis of hypernephroma 

Case 2 — History — J C , aged 41 , operated on by Dr J P Bmnie, Oct 24, 
1902 Five years ago, had an attack of almost painless hematuria Geneial 
health at that time perfect After an intei val of several months, had anothei 
attack m which the flow of blood was very profuse and attended with pam m the 
left renal region with reflection to the inner side of left thigh The pam was 
finally relieved by the passage of a long round clot The urine almost imme- 
diately cleared of blood and the patient felt m perfect health After this time 
the hematuria recurred every few months, with the same history of relief from 
pam after the passage of the clot from the ureter After the last seizure the 
patient determined to seek surgical relief, and accordingly consulted Dr Bmnie 
It had been two months since the last severe attack of pam 

The urine was sent to the writer and presented the following features Sp 
gr 1018, reaction sharply acid, color, slight tinge of pmk, albumin, a good 
trace, sugar, none Microscopically, it presented many led blood cells, some 
tailed epithelial cells, a few leucocytes and many dumb-bell uric acid crystals 
No casts oi other evidence of nephritis There are many bundles or strings of 
fibrin 

Diagnosis — Diagnosis of stone suggested 

Operation — At the time of operation the patient looked well and hearty No 
temperature, pulse 85 and of normal volume Exposure of kidney through lum- 
bai incision showed a good-sized, yellowish, tuberculated mass occupying the uppei 
pole of the left kidney This was thought by the surgeon to be a localized renal 
tuberculosis, and the affected portion was resected, leaving an apparently normal 
lower two thirds of the organ m place The patient reacted well, and everything 
seemed to be doing well for twenty-four hours Then the pulse began to rise, 
and at the end of twenty-four hours the radial pulse was so fast that it could not 
be counted The face was blanched and the respiration rapid and jerky The 
patient died about forty-eight hours after the operation with the rapid pulse, 
peculiar respiration and without temperature or local signs of any land 

Autopsy was refused 

Pathologic Findings — The specimen received by the writer is a multinodular, 
sulphur-yellow neoplasm, measuring 6 cm in diameter The tumor is covered 
over most of its surface by a thin capsule The remaining portion is raw, and 
it is evident that the knife divided the mass through tumor tissue, leaving the 
remains m the situation of origin The cut surface shows, for the most part, 
cross-sections of rough spheres of an intensely yellow pulpy tissue Here and 
there are areas of brown, granular substance, evidently old hemorrhage The 
paths of connective tissue that divide the tumor into the bosses, so evident on the 
surface and m cross-section, are very white and clear, like a soft cartilage 

Microscopic sections show the tumor to be made up of numerous thin fila- 
ments of connective tissue, m the center of each of which is a capillary blood 
■vessel, resting against these vascular fingers of tissue are broad tunics of large, 
clear, flask-shaped epithelial-like cells They are extremely irregular m size and 
shape, and each cell seems to be trying to get a surface contact with the vascular 
suppoit, this has the effect of drawing out some portion of many of the cells 
into long stems that insinuate between cells having broader contact surfaces 
The nuclei of the cells are aeiy large and possess nucleoli that take the eosm 
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intensely The clnoniatm m the nucleus is moie abundant ne\t to the nuclear 
niembiane and takes the liematoxjlin well, thus showing the acidophile nucleolus 
in good contiast Not a single cell a\ as found in karj okinetic division At the 
region faitliest auaj r from the blood vessel the cells aie m some confusion and 
show evidences of granular degeneiation Here red blood cells are finding their 
way, also many polymorphonuclear leucocytes 

It is easy to see that the center of these broad columns of cells will degenerate 
and permit a stream of blood to flow through them Indeed, this very thing is 
found in several of the sections of this tumor Such a field looks like a venous 
angioma with the vessel wall lined with great clear cells instead of fiat endothe- 
lium Tumors of the type piesented here would be recognized with difficulty, 
from the sections alone, as being denved from the adrenal structure Their yel- 
low color in the gross, and the regular altei nation of capillary blood vessels and 
cell columns, are features that the adrenal presents m common with these tumors 
There is no other organ in the human body that presents just these features 
This particular case presents the broadest cell columns of any in the writer's 
series of specimens Figure 25 is a fairly average field 

Diagnosis — Hypernephroma of the fasciculate variety 

Case 3 — History — Mrs X , aged 45 , opei ated on by Di G W Lilly, of 
Kansas City, Mo , 18S9 Twelve years before the date of the operation, had 
suffeied for several months from pain m the left kidney and an intermittent 
hematuiia Ever since has had more or less pain in the kidney She was, at 
the time of the operation, tlim and extremely nervous, but had no hematuria 

Diagnosis — Tlic diagnosis of latent renal tuberculosis was made and operation 
advised Tins was agreed to, and accordingly the operation was done The 
specimen was preserved m alcohol and presented to the writer by Dr Lilly three 
years after it was removed 

Pathologic Findings — The tumor occupies the upper pole of the left kidney 
and was invisible until the organ was sectioned The tumor is roughly spherical, 
measuring G by 4 cm , and is completely separated from the kidney substance, 
falling out of its bed like a nut out of the hull Microscopic examination of the 
tumor tissue shows a well-preserved topography, though the nuclei of the cells 
do not take the stain The section takes a light eosin stain, with here and there 
a very pale outline of a cell nucleus The cell bodies are seen to be large and 
bladder like, and rest two or three deep on very slender dendritic fingers of con- 
nective tissue containing blood vessels In a few of the broader paths of stroma 
are the slits in the tissue where cholesterm crystals have dissolved out m the 
preparation of the sections The picture is typically that of an ordinary hyper- 
nephroma The kidney substance stains distinctly, so that it is fair to presume 
that the tumor tissue was, indeed, dead at the time it Avas removed with the 
containing kidney 

Since its remoA r al, the patient has lost much of the appi eliensn e feai that 
caused so much of her nervous trouble Her general physical conditioil is the 
same as before operation Figure 1 shows section of the kidney 


Case 4 — History — Mr X , aged 50, laborer , patient of Dr Froelmg, Kansas 
City, Mo, 1902 The case history contains nothing of interest antedating the 
present illness, which began with vague gastric symptoms about a year previous 
to his admission to the hospital At the present time, the man is very thin and 
eachectic Complains continually of gastric pain and discomfort Temperature 
normal, pulse not recorded Gastric analysis shoAVS no free HC1 and no Oppler- 
Boas bacilli Gastric fluid reported as typical of pyloric obstruction The pa- 
tient died before any operative procedure was attempted 

A*,tnn<ni The postmortem Avas performed by a medical student, who com- 

plained to'me that he could find no right kidney, but that the liver was the sea 
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aie now painful to piessme The patient Mas seen by me a few days before the 
opei al ion, and the diagnosis of metastatic hypemephioma suggested 

Examination at this time showed a very thin man piesentmg a good sized 
globulai tumoi in the head of the left lmmeius On giasping the tumor so as 
to enencle it with the hands, a ioi\ distinct pulsation could be felt A thin 
capsule of bone coveied the tumoi Tins ciackles on sharp pressure, like the 
thm bony capsules of myeloid saicoma The tumoi in the light gluteal region 
was evidently located m the ileum neai the most It pulsated also 



Fig 2 — Photogiaph, half size, of specimens fiom Case 4 Shows the intimate 
adhesion of the tumor mass to the uudei suiface of the light lobe of the lnei 
Tins tumoi is extiemely fibious The uppei end of the duodenum is shown and 
the tag of tissue at the top is turned to show the thickness of the tunic of fibrous 
tissue that covers the entire duodenum 

Diagnosis — The diagnosis of mjeloid saicoma v r as a liaid one to lefuse, but 
was disci edited because of tlie iare occuiience of secondaiy bony metastases of 
tnat tumor The rapidity of growth of tlie tumoi s was also contrary to the usual 
slow development of myeloid saicoma Caieful seaicli was instituted for evidence 
of kidney tumoi but without success Tlie ui me gave no clue whatevei 

Operation The aim was amputated at the sliouldei and the specimen brought 

to the laboiatory 

Pathologic Findings— The head of the liumeius is almost globulai m shape 
The affected portion measuies 9 by 4 by 5 cm The maiiow cavity at the neck 
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of the bone is completely filled with a soft, brain like tissue that is variegated 
blight yellow and brown The cancelous bone of the head ot the humerus is 
invaded by masses of the tumor, but not totally leplaeed The bone at the neck 
is completely destioyed and the tumoi tissue is m contact with the muscles and 
fascia The bony tissue that is not destroyed is as thm as papei 

Mieioseopic examination shows the most peifect histologic pietuie of hypei- 
riephioma The entue tumor mass is made up of an infinite number of capillary 
blood vessels, looping so as to foim a multitude of megulaily oval and elongated 
spaces These spaces aie occupied by gieat cleai cells that aie resting on the 
capillaiy loops The mimiciy of vegetable cells is wondei fully close The nuclei 
aie all lound and of almost exactly the same size The nucleolus is very large 
and takes the eosm intensely, making it stand out conspicuously against the 
light blue of the nucleus Theie aie a few hemoiihagie areas m the tissue, but 
no hj aline degeneiation 01 thick scleious connective tissue, so common in the 



Fig 3 — Photogiapli of specimen fiom Case 5 Head of the left nunicius split 
open Shows the tumoi occupying the mairow canty and pioducmg a pathologic 
fiactuie at the neck of the bone 


tumois m the kidney The diagnosis of hypeinephioma can be made without any 
senous doubt The patient made a lecoaeiy fiom the opeiation and left the hos 
pital He died tv o months latei at lus home out m the centei of Kansas, and no 
postmoitem was obtained, so that we will neiei know the origin of the tumor 
The specimen is shown half size m Figuie 3 

Case 6 — Histoiy — Mis X, Geiman housewife aged 47 opeiated on be Dr 
Giay, Oct 1, 1907, at St Maigaiet’s Hospital, Kansas City, Kan Histon pre- 
cious to piesent illness negatice Three months befoie admission to the hospital 
she had an attack of anuna This was accompanied by great pam m the light 
renal legion and persistent nausea and aonntmg The attending physician dis- 
eoieied a tumoi m the light side iust below the liaei Hie anuria lasted tventi 
four houis and was followed by the passage of a uieteial blood clot and a copious 
hematmia All the symptoms of pam weie immediately banished During the 
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Unee months that intoi vencd befoic the opeialum the patient continued to lose 
ilesh and became anemic Thcie weie no 11101 c hemoirbnges fiom the kidney so 
ini as the patient knew 

Opei ati oil shoucd the light kidney to be the scat of a iunioi No extensions 
of the glow th were lcvealcd by the examination at that time, and the kidney was 
1 eniov cd 

Pathologic Findings — The specimen presents a giowth that measures 13 by 
10 by 9 cm, afleclmg the upper pole and extending to the pelvis of the organ 
Its sui face is made up of a senes of oval bosses that novvheie penetrate the cap 
sule of the kidney The coloi is jcllowish, with the cut suiface marked out into 
oval and lound aieas by white tianslueent fibions tissue The tumor nodules m 
many instances aie pulpv fiom the formation of minute cystic cavities There 
are aieas that ate quite dnik fiom old extiav asation of blood The renal vein 
seems fiee fiom invasion The pelvis is invaded by a single tongue of tumor 
tissue 



Fig 4 — Photogiapli of specimen fiom Case G Shows the commonest tvpe of 
hvpei nepliiomn, a yellowish lobulated soft mass lephtcmg the uppei pole of the 
kidney and invading the pelvis 


Microscopic section shows the tumor to be made up of small cells that in most 
of the section aie closely packed and show no definite anangement In certain 
aieas, liovvevei, the cells are somewdiat laigei and are ai ranged on the walls of 
thin blood vessels Ileie the cells aie meie thin-walled, clear globules with a 
ljutre lound, eceentucully placed, p lie staining nucleus, the tjpical hypeinepli 
ionin anangement At those places wlieie the cyst is found, the auungemen 
is like a papillary cystoma, the contents of the cysts is evidently formed from 
the disintegration of the paienchjmatous cells, as there are many of the distended 
cells free amid the gianular mateual A few of the ejsts are occupied by washed 
! orl lfiood cells The connective tissue of this tumor is in varying stages oi 
hyaline degeneration and is full of small lound cells One aiea, in the tumor is 
paiticulaily soft and yellow, heie the cells aie much larger and cover the blood 
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vessels several cells deep, the nuclei aie aeiy laige and contain large nucleoli 
that stain intensely with the eosm, the cell piotoplasm is filled with fine pink- 
staining gianules Some of the cells show about the nucleus fine yellow pigment, 
while here and theie, both m the stroma and m the parenchyma, are cells whose 
protoplasm is filled with laige sphencal granules that take the eosm intensely 
These granules I take to lie lelated to, if not identical with, Russell bodies This 
tumoi is a veiy typical hypemephioma m the gioss (Fig 4) It is mteiestmg 
microscopically m the variation of the histologic pictuie in diffeient poitions of 
the growth Inquiry made of the physician who furnished this case, as to the final 
outcome, brings out the fact that the patient died some months later of liver 
disease, nature unknown 

Case 7 — Histoiy — L C C, aged 56, married, lanchman Case of Dr J W 
Perkins, Kansas City, Mo 

Clinical Diagnosis — Hypernephroma of the right kidney Paients died at the 
age of 70 years Brother and sister died at about 40 of tubeiculosis Patient 
had no sickness except a bronchitis that came on m the w intei Last summer he 
had an attack of nausea and vomiting that lasted foi two months Eight yeais 
ago had an attack of hematuria that lasted about two weeks No fuithei bleed- 



Fig 5 — Photogiaph of specimen fiom Case 7 Shows an unusual position of 
the tumoi on the antenoi suiface of the kidney Appaiently began about the 
hilum Tumoi lather linn and coveied by 'very laige blood lessels Pehis imaded 
by soft polypoid mass of tumoi tissue, shown at lower poition of picture \ en 
profuse hematuua m this case 


ing into the unnaiy tract occuned until April 1905 since which time more or 
less blood has been noted in the uime On seieial occasions distinct and copious 
hemorrhages appealed Slight pain was felt along the crest of the right ilium 
all the time This pain at mtenals became acute Hi- back had for some turn 
felt weak and at times painful Constipation since 1905 Confined to the bed a 
great part of the time since June, 1905 Feb 20 1906 urine pies ents led blood 
cells, abundant, staphylococcus, no tubercle bacilli no casts or othei ewdence 
of l eplmtis Physical examination shows patient an cldeih anemic man no pu 
ticular cachexia In the light iliac fossa, is a laige raov able tumoi that "imitate* 
to the median line when the patient lies on the left side Pressuie oier the tumor 
produces distinct pain Patient was confined to bed and the urine soon cleared 
of the blood After a month of rest and quiet, the blood again began to appear m 
the urine at first m great quantitv, but gradually diminishing until the opera 
tion which was undertaken March 1G 190G 
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Opnaiwu —Excision of the light kidncv through the antenoi loute The 
liimoi was found lo be iltichod to ihe kidnci and was about the si/e of the kidney 
and much the same shape The tumoi seemed to mfiltiate the kidney substance 
foi some distance The lenal \om was caiefulli lifted and cut close to the vena 
cava The a cm foi quite a distance out of the kidney was filled with a soft 
cyhndei of the tumoi tissue 3 lie patient was a eiy Aveak duiing the operation, 
sutloiing seAeie shock 

Postojici alive Thstoii / — Six houis aftei the opeiation theie w'as passed two 
ounces of blood} mine Aftei this the mine dened up and the patient theie 
aftex passed about one pint daily duiing the period of convalescence He Avas 
troubled much with gas pains foi seieial dais Maieh 23 a bionclntis appealed, 
that Aias attended with a tempeialuic of about 102 F Diamage horn the wound 
aa as piofuse foi scAOial daA's Maich 2G theie A\ns a severe Aomitmg attack, 
accompanied with gieat distention of the bowels with gas This state of affairs 



Fig 0 — Pliotogiapb of specimen fiom Case S Half size This specimen lllus 
tiates aa ell the usual aspect of the moie lapidly developing soft types of hypei 
nepliionia Theie aie many large evtiavasations of blood sliOAvn m the dark 
areas of the pliotogiapb This type often bieaks dowm into a cyst filled AVith 
softened tumoi tissue, blood, and neciotic fiagments Fluid from such a pseudo- 
cjst geneialh contains much cholesteun, in addition to the debus fiom the 
blood and tumor 


continued The feces aa ei e thin and offensive Mai ch 30 his temperature dropped 
to subliminal and the patient seemed in collapse April 2 was the fiist time the 
patient could letam food The diarrhea then checked On April 6 he sat up m 
bed, April 11 was m a wheel-clian, April 14 Avalked, April 21 about the hos 
pital, Avell on the Avay to lecoiery 

Blood Examination — Red cells, 2,875,000, leucocytes, 17,100 May 7 dis 
cliai oed AVith the operation Avound almost closed On Feb 11, 1907, a letter xvas 
l ecciA ed* from this patient, stating that he had gained foi ty eight pounds m 
w eight and Avas m fine health 
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Mici oscopic examination of the tumoi show s it to be made up of a lehitivelv 
laige amount of pooily fibullated stioma, enclosing oblong and irregularly oval 
aieas of veiy laige eleai cells So cleai aie the cells that the nuclei seem to hang 
suspended m the centei by the finest web of very lightly staining substance The 
cells look much like vegetable cells Heie and there aie giant cells with veiy 
laige megulaily outlined vesiculai nuclei In many places m the stioma aie 
collections of lvmplioid cells Tlieie aie a few hemonliagic aieas No degeneiated 
aieas aie noted, the nutution of the giowth seems peifect (Fig 5) 

Macioseopically, the specimen piesents a bioad attachment to the antenoi 
suiface of the kidney The suifaee is slightly lobulated, film and suiiounded by 
a film capsule of fatty connective tissue It measiues 10 by S by 6 cm and, 
togetliei with the kidney, w'eiglis 410 giams The cut suiface show's much glisten- 
ing fibious tissue, dividing the tumoi into many oval and cnculai aieas of soft, 
blight yellow' tissue Neai the capsule aie seveial small aieas of dailc biown 
coloi, evidently aieas into winch blood has escaped At the suiface of the kidney 



Fig 7 — Photogiapli of specimens fiom Case 9 The left kidney almost en 
tuely occupied by a soft bioken dowm liypeinepliioma , the light kidney show's 
the uppei pole occupied by the solid, blight yellow' type of liypernepliioma, with 
the pel\ is and lenal vein occupied by a soft polvpoid extension of the gioivth 


there is a sliaip line of denunciation, as if the tumoi had ongmally been independ- 
ent of the kidney The tumoi piojected a tongue of its substance into the pelvis 
and also into the lenal vein, the lattei being 2 centimeters m length These pro 
lections aie much softei and of a biiglitei yellow than the tissue in the body of 
the tumoi 

Cv.se S — Uxsiouj — H II M, aged 65, mained, business man Case of Dr J 
W Pei kms, Kansas City, Mo Opeiated on May 9, 1906 Clinical diagnosis 
Hj pei nephroma of the left kidney Antecedent family history presents nothing 
of mtei est In 1S70 had tvplioid fever Two years ago had rheumatism m the 
muscles of the hip Two months ago had obstinate constipation for three dav = 
dining winch he sufieied fiom nausea and vomiting The last two weeks there 
has been verv aniioving fiontal hoidachc tbit alvav* begin* eailv in the morning 
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and I ists till noon Ton da^s ago noted the urine tinged with blood The hema- 
turia became sevcic and continuous up to two da vs ago One month ago the 
tissues about the cheeks and neck, sciotum, legs and thigh became distinctly 
edematous One veai ago there was noted by the patient a small lump m the 
left side, two inches below the ribs, and m the axillary line He paid no attention 
to this, as tlieie was no pain present At the piesent time there is a tumor in 
the situation named, a laige mass bulging both forward and backward It is 
covcicd by slightly daikened skin There is no pain elicited on moderate manipu- 
lation 01 piessuic oi er the mass 

Oj)ciaiion — Done May 0, 1000, excision of the left kidnej' and attached tumor 
fhiough the antcnoi unite The tunioi piesents a soft, cheesv appeal ance (Fig 
G) The hcmoiihage was large and the patient was exhausted w'hen removed 
fiom the table Laige drainage tube was left in for three days The patient 
i allied pcifectlv and m a few dajs was clamming to get up The recovery was 
uneventful and the patient was disehaiged on June 2, 1900 

Case 9 — Ihsioiy — Mis B , aged 05, liouscw ife Opeiated on by Di C Lester 
Hall, 1900 



Fig 8 — Specimen fiom Case 10 Beniaikable in that the tunioi axis is tians 
veise to that of the kidney The mass seems to be attached to the pelvis ihe 
renal vein and pelvis weie both extensively penetiated by polypoid masses of tumor 
tissue 


Clinical Diagnosis — Benal tubeiculosis Nothing in the family history of 
duect intei est For three ye.us she has noted an enlaigement in the region of 
the left kidney Hei geneial health began to decline markedly two years ago, at 
which time she suffered with marked gastnc distuibance and epigastric pain She 
vomited a great deal There was nothing in the vomitus that could be attributed 
to any definite stomach disease Diagnosis of reflex vomiting made by family 
phxsieian Uune about this time contained much pus and debus and occasionally 
blood Tlieie have never been profuse lienionhages from the urinary oigans At 
all times duung the last veai tlieie has been a low fevei Some attacks of 
‘ nP „te pain in the region of the tumcu have made the patient faint At 

times she hascomplamed of gieat pam m the back and legs Foi the past few 
Months the pattenl! has baa,, te.y dab.l.ftal 
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Opei at ion — With the diagnosis of renal tubeiculosis the operation of nephrec 
tomy was attempted, hut the patient died on the table befoie the opeiation could 
be concluded The kidney was lemoaed, together with its fellow on the light side, 
for pathologic examination Both oigans are the seat of liypeineplnoma (Fig 
7) A latliei casual examination was made of the abdominal contents and no 
tumois weie noted m the otliei oigans Unfoitunateh a complete po-dmoi tem 
was lefused 

Pathologic Findings — The left kidney is a soft mass measunng 17 by 10 by 9 
cm There is a small fragment of kidney substance at the lowei pole What 
remains of the pelvis is dilated into a veiy megular cavity that contains tuibid 
urine. The coloi is almost a uniform pinkish yellow The numei ous i ound areas 
of tumor tissue are very spongy m texture and softening of manv of them is 
notable Theie is a minimum of liemoiihage into the substance of the tumoi 



Fig 9 — Pliotogiaph of specimen fiom Case 11 The specimen is the largest 
and most lapid in giowtli of all the specimens of In pei neplu oma obsei\ed bv the 
authoi The tissue is soft and blight vellow with a minimum of connectne 
tissue Theie ins neithei lenal lem imohement noi imasion of the pehi 5 

Micioseopicallv the tumoi nodules are made up of a scantv stioma well 'sas- 
culanzed The parenchymatous cells aie i other small aesicles with lound lesicu- 
lar nuclei containing large pink staining nucleoli Thev are arranged on the 
walls of aeiv tlun capillanes m laaeis two to three cells deep There are rela- 
tnelv wide spaces lemaming m each nodule that are not occupied In the paren- 
chymatous cells but bv a granulai semi-fluid substance admixed with cholestenn 
plates The geneial low power aspect of the sections is that of a castie papillary 
adenoma The arrangement of the cells on tlun fingei« of connectne ti==ue hear 
mg a central eapillnv \nd the cleai flask like cells with lnetacluoniatic nucleoli, 
make the di ignosis In pei nephroma 
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The light kidnej piosenls at its uppei pole a solid blight jellou tumoi extend 
mg fiom the capsule to the pelvis Tlieie is a fine cylnulncal tumoi extension 
projecting foui tenlnnefeis into the lenal vein The fig me sufficiently lllustiates 
the gioss aspect 'without a 'wntten dcsciiption (Fig 7) 

Micioscopie section shows a solid tumoi, totally devoid of the cystic spaces 
piesentcd by the tumoi of the left kidney The cells aie ananged a dozen 01 so 
thick on a base made up of little saic a linn walled capillaiy The type of tumoi 
is exactly the same as that piesentcd by Case 2 Cases of bilateial hypernepli 
lonia aie evidently laic, as I have been unable to gettiack of but one otliei case 
lcpoitcd m English, by Le Count, of Chicago 

Case 10 llts/oii/ — yfis 0 B, housewife, aged 41 Opciated on by Dr J 
D Gnflith at St Joseph’s Ilospital, Jan 10, 1907 Clinical diagnosis Hypei 
nepluoma of the left kidney Health excellent until deluded by foiceps, July, 
1004 Woiked at household duties, but undei difficulties, until Maich, 1900, 
since which time she has been unable to woik on account of pain m the back and 
Iowei abdomen Became piegnant m Novcmbei, 1000, and w r as delneied of a dead 



Fig 10 — Photograph of specimen fiom Case 12, leduced to one thud the 
actual size The specimen is of the usual type of hypei nephroma 


child at the eighth month Following this confinement she had chills and fever 
and had lemamed bedndden until Januaiv, 1S07 Physical examination revealed 
a laige, sharply piojectmg tumoi below the costal aicli on the left side The 
tumoi was movable to a slight degiee The uime contained blood, a few leuco 
cytes, but no casts Patient complained of pam on animation, the cause of which 
w r as nevei discoveied 

Operation lesulted m the removal of a tumoi of the uppei pole of the left 


kidney 

Pathologic Findings — The tumor piesented its long axis transveisely to the 
axis of the kidney, the pole of the kidney blending with the tumoi mass at the 
middle The mass measures 15 by 9 by 10 cm and is itself almost the exact 
shane of a kidney The eoloi of the tumor is bught yellow with vaiiegations of 
In own The capsule is fauly thick and coieis many hemispheiical nodules of 
+lie tumor that project as much as a centimetei oboie the general surface The 
capsffie contains an unusual number of large, tortuous blood vessels coursing over 
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the suifaee of the giow'th The consistence is clastic Cut section shows a fanly 
solid tunioi mass of yellow and blown tissue, maiked into o\al and lound aieas 
by connective tissue Theie aie no cystic cavities, and only a fan amount of 
evtiavasated blood The tumoi mass penetiates the pelvis of the kidney and theie 
is a shoit plug of tumoi tissue in the lenal vein This is the only example of 
this tumoi seen by the wntei, at light angles to the axis of the kidney (Fig 8) 
Case 11 — Histoiy — Mrs C, liegiess, aged 39 Opeiated on by Di W J 
Fuck Refened to suigeon by Di Mackey, of Odessa, Mo Ilistoiy w as difficult 
to obtain and veiy meagei The patient is a mulatto m good state of liutntion 
Tluee months ago she w as delneied of a full teim child Shoitly aftei this she 



Fig 11 — Pliotogiapli of tumor fioni Case 14 Slums veil the large sjihencal 
type of liypeinephioma, that is so disposed to cential softening, and the forma- 
tion of a cyst filled with grumous mateiial and cliolestenn ciystals 

noticed a tumoi m the left side This w as painless and fixed in its position Tlie 
mass lapidly giew until the abdomen was as laige as before delnei^v There was 
neiei any paiticulai pain associated with the growth or reflected to othei legions 
No blood was found m the urine at any time Her geneial health wa<= fair 
Bowels constipated 

Diagnosis — No closci clinical diagnosis could be made than abdominal tumor 
Opciation through the abdomen The giowth w as covered by veiy laige blood 
vessels The v aseulai cajisule was tlim and non adheient The tumoi u i- el i t - 
tic Unusually large 'veins entered the tumor at the inner face These were tied 
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ofl and the lumoi lifted fioin its bed 2\o icmnins of the kidnei neic noted at 
tile tune of opeiation The patient made an uneientful leeoieij One yeai latei 
she died aftei foui Meeks of feaei that Mas diagnosticated tvplioid, and from all 
tliil the Miitei can leain fiom the .ittending phjsician this diagnosis mss coi 
rect 

Pathologic Findings — lumoi mcasuics 20 l>v 13 bj' 9 cm and occupies the 
entue kidney, tlieie being but a shell of renal tissue coloring the louei aspect of 
the tinnoi The texture is soft and gianular, the coloi is a daik jellowisli bioMii 
There aic a few nell maikcd hemoiihagie areas thiough the substance There 
is a single blunt cone of tnmoi tissue projecting into the pelns, but it is com- 
pletely coieied In the pehic mucosa The lenal icin escaped imasion 



Fig 12 — Photogiaph two thuds liatuial si/e of specimen fiom Case 15 


Histologically, the specimen is veiy inteiestmg in that the mass is almost 
wholly cellulai The cells aie disposed m exceedingly thick tunics on a coie of 
scant connective tissue containing a thin walled eapillaiy The cells themsehes 
are of the most irregulai description, but conform m geneial to the clear flask 
type so common in these tumors There aie many large areas that aie occupied 
by syncjtial masses of eleai piotoplasin, containing \eij laige and niegidsi 
nuclei There are also many cell inclusions to be seen The nucleoli are um 
versally extremely large and stain intensely with the eosm There are many 
beautiful karyokmetic figures to be seen throughout the tumor 

This is the only specimen in the senes before the uniter that contains am 
d n , gl on fi mires The type of karyokmetic division seems to be veiv degeneiate, 
there being many of the tnpolai figures, and m many of the aery laige cells the 
skeins of chromatin seem to be exploded, the fragments distributed thioughout 
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the entue cell body The endence of lapid cell dmsion and the lapid giowtli of 
tins tumoi makes the leeoaeiy of the patient veiy lemarkable This, of all the 
cases lieie lepoited, piesents the gieatest histologic malignancy 

Case 12 — Histoi ij — Mis Julia G, housewife, aged 39 Opeiated on at St 
Maigaiets Hospital, Feb 15, 1905 Diagnosis Tubei eulosis of right kidney 
Fatliei died of an accident at the age of 52 Mothei died of malaiia at G8 Veiv 
f l agmentary, hut the following uiteiesting sciaps weie gatheied togethei She 
was opeiated on at St Maigaiet’s Hospital, Kansas City, Kan, by Di Peikms 
twehe jeais ago and had both manes lemoied Opeiated on by Di Peikms six 



Fig 13 — Pl.otogiapli one thud natuial si/e of a In pei nephioma fiom t lie 
kidney of a cow (Case 1G) 

Tears ago for peunephntie abscess Tlnee yeais ago she letuined uith the sinus 
still discharging and had a curettement of the sinus Examination of the urine 
shows some pus cells and red blood globules, but no tubercle bacilli The general 
health of the patient is fan She is aery nenous, but shows no marked disability 
in other uaas The kidnev was lemoaed by the lumbar incision and the specimen 
sent to the w liter for diagnosis 

Pathologic raidings — The specimen consists of a right kidney enclosing a 
tumor mass that almost fills the organ It measures 14 bv 9 bv 7 cm The sur- 
lace is firm and shows numeious bossated proiections oier the surfaces The cap- 
sule is nowhere broken There aie numerous dilated and aerv tortuous vessels 
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com sing o\ei the suiface Cut section shows the kidney substance almost en 
tn el y leplaeed by a fiiable yellowish tumoi mass A softci, blood-stained group 
of spherical nodules occupies the uppei pole The peh is is almost completely 
obliterated by extensions of the neoplasm Theie is none of the icnal vein at- 
tached to the specimen The light adienal gland is imbedded m a mass of loose 
tissue ndhenng to the kidney The adienal gland seems normal Microscopic 
section shows a typical hjpeincphioma of the fasciculate tjpe 

Casl 13 Jlistoi y — G C 32, aged 30, paintei , hypeincphioma with geneial 
abdominal extension, died at St Marga let’s Hospital, Kansas City, Kan, Jan 
U, H>07 Postmortem on the same date No history of previous illness of any 
duractci Two years ago he developed gicat pain across the uppei poition of 
tl\c abdomen At internals of a few days he had attacks of \omitmg At this 
timo he was thought to be “leaded,” and the abdominal pain and vomiting w T ere 
attnbuted to lead poisoning Dining the past six months he has lost foity pounds 
m weight Dm mg the past few weeks the counting and pain have lessened 
to a gieat extent Dui mg the entile tunc since the abdominal pam commenced 
there has been a steady decline in health Constipation has been veiy persistent 
and has gnen gieat Double Theie has been no edema, cough, oi otliei suggestne 
symptom until two months ago, when a full tumblei of almost pin e blood passed 
fiom tbe bladdei Foi seceial dais aftei the mine was tinged with blood Ex 



Fig 14 — Photogiapli, leduced about one tlnid, of a kidney fiom a man 45 
years old, showing ail ectopic adienal The noimal gland was m place and of 
propei size 


animation of the mine shows no moibid pioducts except some led blood cells 
Examination of the patient show's a laige tumoi mass occupying almost all the 
space m the upper poition of the abdomen There is i otliei moie pionmience 
on tbe light side than towaid the median line The mass is immovable and great 
bosses of tumoi can be felt thiough the thin abdominal Avails pietty much all 
ovei the abdomen No change m the thorax evas noted, except a pionounced 
upwaid displacement of tbe livci The skeletal system is normal so fai as can 


be made out „ 1 

Pathologic Findings — Autopsy done by Pi Fiank J Hall, Jan 9, 190/ Body 
that of a gieatly emaciated man about 57 yeais old Skm yellowish, dry and 
inelastic Rigor moitis pooily maiked Scaieely any lividity No marks of 
‘ se on tbe skm Tissues veiy dry Entue uppei and middle poitions of ab 
dommal cavity occupied by a tumoi mass No fluid m tbe cavity The tumor 
mass crowds the tiansveise colon close beneath the diaphragm and the small 
f , 1Tlto t ] lp pelvis The livei is shoved entirely beneath tbe ubs There 
m e t u 01 mass s n any of the abdominal organs, except tbe light kidney, 

%£ » s '” 1 ' eM,s " ye ' l0 ' v i0E “ Wed ” ras 
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Case 14 — Eistoi y — Mi W, aged 59, fannei , hypeinephioma of the right 
kidney, operated on by Di Jabez N Jackson, Kansas City, Mo Piesent illness 
began two yeais ago, when patient noticed that stooping ovei pioduced an acute 
pam m the right side, at the maigm of the ribs At the same time a small lump 
was disarmed m the legion of the light kidney This lump giadually became 
moie evident As the tumoi giew, the patient thinks that the mine diminished 
in amount When walking, the pam m the back would be so great that the 
patient would have to sit down to avoid fainting He became increasingly con- 
stipated and passed much gas from the bowels Belching seemed to lelieve the 



Fig 15 — Pliotogiaph of the cut section of the kidney fiom Case 17, showing 
the section of the tumoi, presenting m the eenlei an oblique section of a laigc 
blood vessel filled with lightei eoloied tumoi tissue The following figme show* 
the vessel continuing out of the tumoi and entering the left adienal 

sense of abdominal tension He had to sleep on his back all the time as any othei 
postuie pioduced acute pam m the light side and even oiei the abdomen Head 
aches ha\e been of fiequent occuiience Foi some time the mcieasing yellowing 
of the skm had been noted with alarm by the patient At night there haie been 
fiequent attacks of shooting pam m the bottom of the light foot Similai pam- 
ha\e been felt m the testes and penis Right testicle at the time of operation 



// 3 Pint'S up into 1/ JL 

" as aboul 1,11 cc the si/c of the noinml The testicuhui pam is leheved by 

the silting posting Has noted that the lefcncd pains aie moie seveie at the 
times that the urine is daik m color The actne loss of flesh began about eighteen 
months ago At the time of seveie pam the mine is vciv dark, but is perfectly 
(leu at those times when pains ue absent At the tune when tioublc began lie 
bid attacks of pam cvciv two months oi tlioi eabouts, then the peuod shortened 
to two weeks then e\ ei \ few dav s, and now tlieie aie attacks every day The 
pain begins at the inaigin of the libs on the light side md pi ogi esses downward 
to the penis 01 foot kiinaiv examinations made lecenth show a nounal urine, 
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Fig 16 — Photogiaph of outei suiface of kidney of Case 17, with left adienal 
The liguie shows the abeuant blood vessel issuing fiom the left adrenal and 
couismg ovei the suiface of the lenal tumoi and entenng the tumoi mass at its 
junction with the kidnej Aftei entenng the tumoi the vessel is found filled with 
the oldest of the tumoi tissue, which is well shown in the piecedmg figuie as 
Iightei in form The left adienal is not the seat of a definite neoplasm 

except foi fiesh led blood cells, which are constantly present, but m varying 

qUa OncfatiOH — The kidney was lemoved thiough the abdomen and sent to the 
lalini atorv wheie the diagnosis of liypeinephroma was confirmed 

Pathologic Findings—' The specimen is a veiy fine example of tins species of 
tumoi (Fi°- 11) It 1S spherical m shape and covered with the same capsule as 
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that enclosing the remains of the kidney The tumoi affects the upper pole and 
measuies 13 cm in diameter The cut section resembles a sectional grape fruit, 
as the pulpy tumor tissue is louglily sepaiated by opalescent bands of connective 
tissue that radiate from the center The entire tumor is of a light yellow color, 
but certain areas near the capsule are of a bright canaiy color Some of the 
peripheral aieas have been infiltrated with blood and are consequently of a dirty 
brown color The entire center of the growth is evidently on the verge of break- 
ing down Had this occurred the tumor would then have been a thm-walled cyst 
instead of a tumoi, as theie is so small an amount of living 01 well-nouiished 
tissue at the periphery of the giowth 



Fig 17 — Photogiaph showing the atheiomatous aoita and the smiounding 
mass of lymphnodes filled with tumoi tissue The contraction fioni sclerosis is 
evtiemc (Case 17) 

Micioscopic sections made fiom diffeient portions show T the tissue m the well- 
nounslied portion to be made up of a fine mesh of capillaries, supporting broad 
tunics of perfectly clear cells, with large round nuclei The cellular mass is of 
the “\egetable cell” type m great purity In the degenerated areas there is 
nothing left but cell debris and hyaline connective tissue 

Case 15 — Hisioiy — Mr X aged 45, hypernephroma of the ight kidnci , 
operated on by Dr 0 J Cunningham of Kansas City Mo, Dec 10, 1904 In 
1S92 the patient was under the care of Dr J D Griffith of this city At that 
time he complained of a tumor in the right side, of seieral months’ duration 
There had been two or three attacks of sharp pain in the right flank that were 
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lelieicd b\ the passing of clots and blood fiom the bladdci Operation was per 
foi med, blit the giowth was icgai dcd as mopeiable The opei atn c diagnosis was 
sai coma of the kidney and ictiopeiitoneal tissues The patient made a good 
lecovcij and left the hospital Afiei the lapse of about two 5'eais of mcieasing 
difficulty the patient applied foi suigical aid again Since the fust operation 
theie haie been seien henioiihages into the bladdci eieij two 01 tin ee months 
I11 these attacks the patient neailj died fiom loss of blood At otliei times lie 
passed in the 111111c jelly-like clots that almost occluded the uietlna At all 
tunes led cells could be found 111 the mine micioscopically The patient says 
that the fust thing that he eiei noted wiong was the passage of a jelly like 
cjlmdiical clot fiom the bladdei This occuned 111 1900 Theie has necer been 
gieat pain of any kind, except when a clot was passed, no counting 01 other 
gastne distui banco, but slight and piogiessne loss of flesh 

Opciahon was attempted foi the second tune m Dceembei, 1904, when the 
tunioi was lemoced thiougli an anteiioi incision The mass was lifted out 
without gieat difficulty (Fig. 12) 

Pathologic Findings — The pelvis of the kidney is all but obhtciated by a soft, 
hcmoiihagic cellowish muse of tissue The kidney is lepicsented by a small 



Fig IS — Pliotogiapli of a longitudinal section of the lnei fiom Case 1/, 
showing the multitude of metastatic nodules of tumoi Close examination of the 
livei shows a laige numbci of tumoi poljpi piojectmg into the luniuia of the 
c ems 


fiagment at the low r ei pole The kidney stiuctuies aie gieatly 1 educed by a 
typical intei stitial mduiation 

Mieioscopic examination of the tumoi shows the tissue to be made up of a 
congenes of megulai spaces, with w'alls on which aie tunics of cleai cells ai 
landed m megulai layeis and of good size and intense staining piopeities the 
cell” cytoplasm is invisible The cavities so lined aie filled with a homogeneous 
pink staining maternal, that resembles cl os cl 3 the colloid mattei 111 a goitious 
thyroid, m fact, there aie areas that puzzle one for a time to diffeieutiate fiom 
o-oitei 'since lecoiding this case I Ime leceived the infounation that this patient 
was attacked with jaundice and died wutliin two weeks of the time of taking to 
bed The emaciation was veiy iapid, the liver gieatly enlaiged and the jaundice 
ceiv deep Postmortem was forbidden It is ceiy fan to piesume that the 
uatient died of hepatic metastasis of the hypernephroma Death occuned July 
PO 1907 thiee aeais of good health intenenmg between the operation and death 
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Case 16 — Hisioiy — Cow, 4 yeais old, slaughteied at the Kansas City blanch 
of Annoiu s Laige tumoi of the light kidney Clinical histoiy not obtainable 
Pathologic Findings — The tumoi measuies eighteen inches m length and nine 
inches in diainetei A small fiagment of the kidney is attached to the lowei pole 
of the kidney Cioss sections of the giowtli weie submitted to me by Di Kinsley 
of the Kansas City Vetennaiy College foi diagnosis The giowtli is soft in 
consistence and of a sulplnn yellow eoloi, save in aieas occupied by hemonhagic 
extravasations The tumoi is divided into cuculai aieas by white hbious tissue 
Micioscopie examination shows a veiy lielily cellulai mass The cells are 



Fig 19 — Shows a tcpical misplaced non neoplastic adienal beneath the cipsule 
of the kidnev Dinni fiom specimen 71 62 0, TJnn ei site of Chicigo 


foi the most part indefinite!;) outlined and piesent a \cij luge o\al oi «plieiical, 
deeply st lining nucleus The ectoplasm is gianulni and slighth basophilic 
None of the clen cesiculai tepe of cell is seen that is *-0 common in tin hum in 
he peinephioma In a few aieas of the tumoi theie aie cc^ts filled with a pink 
staining, shglitlv gimulai substance and lined with a single lacei of the epithe- 
lial colls In tho-e lemons the lmpic'—ion is gi\<n that the tumoi is i pipilluic 
ccst idenoma A mini of the tumoi tissue giound up with 30 c c of water 
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\ leldcd a jiulkj fluid, two diops of which completely decolonzed 25 c c of an 
10 dm slaicli mivtmc 11ns is the chemical test that Cioftan has described 

Tins case is fiom the gioss aspect a typical hypernephroma The microscopic 
pictuie is typical so far as the anangement goes but the cells themsehes are not 



p lfr 20 — Cross section of a nodule from beneath the capsule of a. kidney, the 
cent of a hvnei nephroma The specimen shows a rind of typical adrenal i 

with a centmof typical liypei nephroma of the simplest type Specimen in muse 
of the Northwestern Unneisity, Chicago 
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sausage, fiom tlie kidney to very near the vena cava Theie weie no metastases 
noted m any of the lmpoitant viscera 

Case 17 — History — Mrs F, aged 56, marned, cliiome enlaigement of the 
liver, piobably fatty or amyloid Mamed at the age of 21 Has had six 
children, five of whom aie alive and m good health About five yeais after mai- 
nage, she had an attack of lheumatism that lasted seveial weeks She enjoied 
fine health aftei this until her thuty eighth year, when menonhagia began 
Examination at this time showed a small fibroid of the uterus The liemoi 
rhages continued until aftei the menopause at 48 At about 45 years of age the 
patient had a veiy seveie attack of pam m the left side that was diagnosticated 



Section 21 — Section of a hypernephroma (Specimen 7162-15, Kush Medical 
College) which shows the cell columns hollowed out by blood corpuscles Such a 
picture has led to a diagnosis of hemangiosarcoma with hjpertrophy of lining 
endothelium 

as splenitis, and hot applications were applied for at least two weeks The pam 
gradually receded, but did not entirely disappear for months after Ho urinary 
examinations were made at the time of the supposed attack of splenitis There 
was no tempeiatuie during the illness During this entire period the patient 
suffered with great nervousness and fainting spells The heart seemed to be the 
seat of some neurotic distuibance In 1003 hei health w i« «o broken tint i 
trip to Cuba and fiom theie to Hew \ oik wa« taken m the hope that a =ea 
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voyage would be of benefit The tup dul no good, but on the conti aiy, seemed to 
make inclusions into liei energies moic than hei borne duties 

Caieful physical examination made m Apul, 1905, repealed a murmur ovei 
the entue heart aioa The lieait seemed to be of normal size No definite lesion 
could bo affirmed Examination of the abdomen levcaled a much enlarged livei 
that tlie patient stated was noted by liei diessmakei seveial months before The 
liver extends downward to tlnee inches below tlie umbilicus, and to tlie left of 
the nipple line It was thought that some nodules could be made out on the edge 
of tlie li\ ei The pulse was stiong, full, and eighty to the minute The temper 
atuie was nounal The patient was at this time fanly well nounsbed Chemical 
examination of the mine showed no albumin 01 sugai Eaily in the wintei of 
1905 the patient letuined fiom a tup east, not benefited by tlie change 

I saw the patient at this time and aftei a eonsideiation of the long history, 
the enlaiged livei and the negative findings in the blood and mine, ventuied a 



Fig 22 — Cioss section of a metastatic bypeineplnoma m the knee (Speci- 
men m Rush collection ) Shows the disposition of some examples to the forma- 
tion of giant syncytial masses 


diagnosis of fatty or amyloid liver from unknown causes At about this time 
a: lay tieatnient was instituted oiei the hepatic region Maiked shnnkage in the 
lnei was effected hi the tieatnient, the edge lecedmg about two inches within the 
lines pienou&li noted At about this time a pain appeued in the light hip 
ancl along the sciatic nene Nothing seemed to relieve this The urine now con 
tamed n "small amount of sugai, no albumin, no casts and no blood During the 
last six months walking had been impossible on account of pain in the legs and 
weakness In June of the pi esent year there appeal ed an oi al tumor in tlie center 
f'tho fiontal bone This was attended by intense fionfal headache Another 
"miHi lumm appealed on the panetal bone These giew fiiilv ia P idly until 
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death A few days aftei the appeal ance of the panetal tumoi gieat pain dec eloped 
m the left sliouldei and 111 the libs The lattei was thought to be intercostal 
neuialgia Tempei atui e langed fiorn 9S G to 106 F during the last six weeks 
of liei life The high tenipeiatuie existed foi tluee days befoie death Uncon- 
sciousness was piofound foi the last fifteen horns This is one of the most le- 
maikable case histones m the liteiatuie of hypemeplnoma The postmoitem 
lepoit that follows shows the left kidney to be the seat of the pnmaiy growth 
It is ceitam that the splenitis twehe veais befoie was nothing less than a mam 
festation of the giowtli The enlaiged livei had existed foi at least two and a 
half yeais 

Pathologic Findings — Body emaciated, the skin yellowish and diy The bones 
and joints show cleaily tliiougli the skin The abdomen is maikedly enlaiged on 
the light side fiom the ciest of the ileum to the costal aich The skin over this 
legion is dappled blown fiom an a?-iay bum Rigoi and lividity absent The 



Fig 23 — Section of In peinephioma (Rush Xo 3 7159 Cook County Ilo&- 
pitil), shotting a pietuie of papillaij evst-adenoma of kidney Othei fields fiom 
this tumoi ne tvpicallj that of the faseiculai hypeineplnoma 

supeificial blood aessels of the chest aie ceiy haid and toituous, as from sclerosis 
Ihe cessels of the hinds foieaims and legs aie similaily diseased On the fore- 
head, aboie the outei angle of the light eie, is a soft, rounded tumor measuiing 
6 5 cm m diaiuetei and elei ated 1 5 cm above the skin lei el This tumor seems 
to cmeige fiom the bone The coloi seems a deep yellow as it shows through the 
thinned and nonadheient skin Tlieie i* an exicth «nml u tumoi o\ei t!ic ktr 
tempoial bone Xone of the supeificnl glands are enlaiged (At this juncture I 
felt that the fiontal bone tumoi togethei ruth the long history justified the 
diagnosis of hvpernepluomi and piophesied the finding of the priman tumor m 
the left hidnex, as that tt is in line with the splenitis of years ago ) 
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The median section shows practically no subcutaneous fat Intestines dis 
tended with gas The liver extends 12 cm below the ensiform cartilage m the 
median line The left lobe extends to the spleen on the left, the light lobe extends 
to the ciest of the ileum The surface of the liver shows many bright yellow 
eireulai spots, of varying size and slightly elevated, but not umbilieated (Fig 
18) These areas of neoplasm are more abundant on the under surface and are 
here more elevated The mesentery is free from fat The abdominal blood- 
vessels are distended with blood The mesenteric lymphnodes show no enlarge 
ment All the tissues within the abdominal cavity are very dry No fluid in the 
peritoneal cavity The entue system of l etroperitoneal lymphnodes is enlarged, 



Pig 24 — Hypemeplnomn of the broad cell column type of fasciculai zone 
origin The ieguHi alternation of cell column and blood lessel is seen (Case 11) 

some to the size of walnuts (Fig 17) The right ureter is distended with fluid 
The rmht ovarian lem is markedly varicose Left ovarian vein is slightly vari- 
cose The left ureter is normal The left kidney near its middle shows a yellow 
nodulated tumor mass projecting aboie its capsule The mass is encircled at its 
lower margin by a lery large blood vessel The left adrenal is m place and is oi 
normal aspect, but shows a good sized blood aessel that runs direct from its lower 
I unnei aspect of the tumor mass, coursing for a short distance o\er 

fts suifa ce and penetrating it at its juncture with the kidney substance (Fig 10) 
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On splitting tlie kidney this vessel is again seen m about the centei of the tmnoi 
mass, v here it is filled with aery blight yellow turnoi tissue, conti astmg strongly 
ruth the dull yellow isli-i ed of the rest of the tumor tissue Cioss section of the 
adienal shows no definite gioss change 

The kidney tumoi measures 6x4 cm and is sharply cncuinscnbed There is a 
spherical nodule projecting fiee m the pehis measunng 15 cm This nodule i« 
puie white m color The mam tumor mass is disposed m lound aieas, divided b^ 
white bands of connectne tissue (Fig 15) The mdindual aieas diffei much in 
coloi, being led, i eddish-biow n, yellowish-brow n, liglit yellow and white The 
consistence is unifoimlv film The topogiaphy is typically that of a hjpei 



tubulai type Such examples are usually described as adenomata of the hidnev 
In this cise, the renal rem was lm oh ed by a cylmdei of bright jellow tumor 
tissue of perfectly typical hypernepliiomatous tissue 


nephroma, the color liardlr as yellow as most examples The spleen is of a 
bluish color, normal m size and flaccid m consistence There aie no tumor 
deposits m this organ 

The right kidney is normal m size, shape and consistence Cut section shows 
a pale vellowish-grav color and a slightlj gianular surface The pehis is slightlr 
distended The cortex is somewhat thin The medullary pvramids are thickened 
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and each lias a nlute granulai tip The capsule ships with difficulty Tlieie 
me no deposits of adienal tissue on the sin face of this organ The light adienal 
is m place and is noimal The stomach is distended with gas A caieful examine 
tion of the stomach shows no tumoi deposits 01 othei definite pathologic condition 
The panel eas is thoiouglily involved in a mass of tumoi nodules The abdominal 
a oita fiom its point of emeigence tluough the diaphiagm to the hifui cation is 
tightly sun ounded by masses of tumoi The lumen of this vessel is very much 
conti acted fiom a most extieme degree of scleios is The entire mnei surface is a 
succession of buttle calcaieous plates (Fig 17) The right ovaiy is small, hard, 
flat and peaily white There is a small fibioid on its surface The left ovary 
is like its fellow The uteius shows a fibioid the size of a lemon on the light 
side Section shows a very scleiotic uteiinc wall and seveial small submucous 
and muial fibioids 

Thoiax Lungs collapsed, diy and almost unless The pleuial cavities fiee 
fiom fluid The lieait is enoimously enlmged, the 1 ounded apex lestmg m the 
left axillary line The peiicaidnnn is fiee fiom fluid All the coionary vessels 
me gieatly distended with black blood The auricles are both distended with 
blood The left ventucle is empty The initial valve is smooth mid noimal 
The cut ends of the eoionaiy artenes me as haul as flint, their lumina veiy 
much 1 educed The vails of the left ventucle are somewhat tlnn, the musculature 
pale -^ellowish-biovn and very flabby The light ventricle contains a Aim white 
clot intertwined about the eoidaj tendnve The pulmonaiy oiteiy contains a long 
dendntie white clot The valve is normal The tiieuspid is noimal The aorta 
shows a considerable degree of unifoimly distnbuted sclerosis The valves aic 
noimal The left lung is collapsed orei most of its extent Tlieie me no tumor 
nodules piesent The cut suifaee is diy and buglit brown m coloi 

The right lung is adheient at the base to the spinal column and diaphiagm 
On teai mg it loose a sphencal tumoi nodule is found projecting fiom the visceral 
pleuia that measures’' 1 cm in diameter Several othei similai nodules are found 
on the panetal pleura'pt tin? point of adhesion Then_qut section shows a Aim 
lelloy, tissue The tumois aie diudecLmito areas bv bands of fibious tissue A 
few small spots of hemonhage aie seen m most of the nodules Fail sized tumor 
masses me found in seaei.nl of the ubs at then junction with the aeitebm The 
pen bionehinl lymphnodes me fiee fiom tumoi tissue A tumoi is noted m the 
fourth nb at the junction of the innei tlnid This all but pioduces a pathologic 
fiaetuie Anotliei metastasis is m the second nb two inches from the base It 
has complete^ seveied the rib The third rib is the seat of a pathologic fiaetuie 
about three inches fiom the base Examination of the tumors of the skull .and 
seal eh in the humeii is not peinntted 


Mic> oscopic Examination — The tumoi in the kidney piescnts, when the knife 
catches the tissue favoiably, lougli columns of very megulai cells The columns 
aie moie oi less w idely sepmated by finely fibrillated connective tissue nclily 
aasculmized 'When these columns aie cut neioss the cells appeal in louglib 


outlined aheoli The cells at all tunes me intimntelj associated with the sur- 
loundmg eonnectne tissue, and in many instances aie separated from the blood 
aossels by a single layer of endothelium Tlieie is not a tince of that disposition 
ioi the cells to lest by then ends on the capillanes, so usual m the ordinary 
liypci nephroma The ectoplasm is not clem, but is almost unnersally finely 
o-ranular and strongly oxnpliil The si/e mid shape of the cells is amiable in the 
extreme some .mens me wide expanses of en topi asm with mam veiy large nuclear 
resides but no sign of cell walls At othei points eaen in the same column, the 
cells me about the size of a noimal adrenal cell, polygonal, clemh defined, and 
nossessiim a single well stained res, culm nucleus with a laige icd nucleolus At 
o place m the tissue is any pigment to be found in the cells, no, aie theie any 
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kaijokmetic figmes piesent Many of the cells show at then penplieiy small 
cnculai vacuoles sinnhu to those common m the cells of the adienal Cell in- 
clusions foim a maiked featuie m the cells of both the kidney neoplasm and the 
extensions in otliei oigans Theie aie many places wheie the cells seem to have 
escaped from then usual columnai ariangement, and aie seen as wide temtories 
of polygonal cells with a good quantity of ied blood cells between the tumor ele- 
ments (A case descubed by I W Blackburn as pumaiy saicoma of the adienal 
in the Am&ruxm Journal of the Medical Sciences , 1906, p 266, is a tumoi of 
almost exactly the histologic cliaiacteis of this case, except that lus ease piesents 
the cellulai pigmentation of the adienal cells fiom the zona leticulans, while 
tins shows no such pigment m the cells All Ins figmes, so fai as the anange 
meat and cell lnoiphology goes, could have been diavn fiom sections of this case ) 
Since the tumoi is almost exactly snnilai m all the oigans, no detailed descup- 
tion will be given, except as tlieie appeals something of particulai intei est 

In the Inei, multitudes of smooth polypoid piojections of tumoi tissue into 
the luminn of the hepatic leins aie noted m the gioss specimen On lnicioseopic 
section these aie found to be splieiical aggiegations of tumoi cells that have 
destioyed the vessel Avail and aie giOAvmg into the lumen of the A r essel, pushing 
only the endothelial lining ahead of them At a few points, the endothelial m 
Aestment is bioken and libeiated cells aie found mingling AAith the blood m the 
lessel In seveial of the laigei hepatic deposits cential softening has occuiied 
and amid the degenciatmg tumoi tissue aie multitudes of aciculai clefts ic 
inaimng fiom the solution of cholestemi ci^stals 

The left adienal piesents some peeuliai featuies that aie Avell Avoith noting 
In the gioss, the gland shows oiei its suiface a dozen oi so small i ounded olein 
tions like yellow nuliaiy tubeicles On section these aie found to pioject almost 
tlnougli the coitex of the gland Then eoloi is A r eiy much moie yelloiv than the 
suiiounding coitical tissue Micioscopieally, these bodies aie found to be com 
posed of bioad columns of coitical cells that piesent intensely oxyphil cytoplasm 
uid a A'ei 3 daik dense nucleus The columns aie bi ought to a focus at the medul 
laiA poition of the gland and the Avliole nodule seems to be latliei sliaiply cn 
eumsenbed fiom the lest of the noimal adienal coitex The columns of cells as 
they sweep up towaid the capsule fiom then common point of oiigm lennnd one 
of a ci oss section of a huge taste bud, the mdmdual sustentaculai cells of the 
latlei being lepiesented by columns of coitical cells Veiy likely this stiuclme 
is an adenomatous condition that is compaiable to the change m the thjioid m 
ulenomatous goitei The lemamdei of the adienal seems to be fauly AVitlim 
the lange of the noimal The zona letieulans seems to be bioadened consideiabh 
and the cells of the zona glomeiulosa aie the seat of an unusual amount of fat 

In concluding tins papei, it might be of mteiest to piesent some 
figmes diaivn fiom sections of vatious examples of undoubted hyper- 
nephioinata that would lepiesent tissue pictuies not usual!} lllustiated 
bv wiiteis on this tumor Foi moie tipical figmes the student is le- 
tened to papeis indicated m the bibliogiaphv It is fiom the pie=enta- 
tion of a a anety of tissue pictuies that the tiue conception of the 
histologi is to be obtained The sections fiom which these figuies aie 
diawn wreie foi the most pari seemed fiom the mateiial contained m 
the museum of the Ensli Medical College of Chicago 

Figure 23 is a fair example of the appearance of the normal mis- 
placed adieual tissue beneath the capsule of the kidne} Ibis ca=e is on? 
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numbeied 71 62 -6 Umveisitv of Chicago The finding is an accidental 
one m the couise of a routine postmoitem I haxe an identical specimen 
(Fig 14) of the photogiaphs of gross specimens These ectopic adienals 
are not so common as the literature would lead one to believe, as inquiry 
among a numbei of pathologists with large postmortem experience 
elicits but few affirmative answeis I have encountered but the single 
example m ovei two thousand postmortems Careful search has always 
been made for implantations elsewhere than on the ludnejq but without 
success In the case of an infant, recently autopsied at the University of 
Michigan, I was shown sections of small spherical nodules of adrenal 
tissue that weie said to cover the peritoneum and connective tissue m the 
entne region of one of the adienals 

In searching for matenal that wmild surety indicate the origin of the 
malignant hypernephroma from such a rest, but one specimen was found 
that could be so interpreted, and that specimen is m the museum of the 
Noithw estern University m Chicago (Fig 20) The gross specimen 
shows on the upper pole of the kidney an oval yellow mass, as large as 
the nonnal adrenal, enclosed m the Indncj capsule The nodule is 
smooth, and alone, would be taken for a large, but non-neoplastic ectopic 
adienal The kidney itself is almost replaced by a typical hyper- 
nephroma The section shows a thin imd of typical adrenal cortex en- 
closing a sharply demarcated spherical mass of typically hypemephro- 
matous tumor tissue The specimen looks as if the tumor had begun m 
the center of a normal adrenal gland Uothing is said m the notes about 
the presence of the adrenal m the normal position , so it is uncertain as 
to the existence o f the normally placed gland 

Figure 21 shows an example of a very hemorrhagic tumor, m which 
the blood had entered some of the softened cell columns and seemed to 
be using the new channel as a blood vessel Such tumors have been 
mistaken for hemangiomas with cubical endothelial cells lining then 
walls In many examples of the tumor small aieas may be found pre- 
senting this confusing feature 

Figure 22 presents a cross section of the cell columns of tumoi 
metastatic m the knee of a boy The center of the columns is seen filled 
with a yyncytial mass of protoplasm containing many nuclei Such a 
tumor is not infrequently identified as a giant-celled alveolar sarcoma 

Figure 23 shows a very common formation that can be found m 
manv examples of the growth, if some of the outlying nodules be ex- 
amined Here the cells farthest from the supply of blood m the fine 
capillary suppoitmg the cell column undergo a seious degeneiafmn, 
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leaving a fingei of cells floating fiee m a cjstic cavity Such tissue 
pictiues lead to an enoneous diagnosis of papillaiy cyst-adenoma 

Figiue 24 shows the bioad cell-column type of fascieulai hypei- 
neplnoma Heie nutution is peifect and we have a pictuie of a uchly 
vaseulanzed caicmoma, or of penthelioma The blight yellow color m 
the gioss specimen makes its natuie appaient 

Figuie 25 shows a flue example of the nanow cell-columned type m 
v Inch a few of the columns aie hollowed out, piesentmg the pictuie of a 
tubulai adenoma 

In some of the examples of the tumoi, cell anangement is so lost that 
a histologic diagnosis is all but impossible Such turnois aie called 
°aicomata, and onlv the yellow color m the gioss, and the chemical 
leaetions, seive to identify them 

CONCLUSIONS 

We have heie a tumor whose charaetei is most vanable as to details 
of histologic stiuctuie^ yet, all m all, these seveial vaneties can haidly 
lie mistaken foi anything else They all, wliatevei their paiticulai and 
individual vaganes may be, have a distinctive chemistrv, they all con- 
tain a high proportion of cholesterm, lecithin and fat The powei of a 
wateiy extiact of hypemepln omatous tissue to reduce the coloi of a 
staieh-iodm solution is veiv stnkmg — the change being piodueed in a 
few seconds, 01 at most minutes, by a tew diops of the extiact, makes 
the test applicable m the operating 100 m In the case of othei tumors, 
no example of caicmoma 01 of sarcoma piodueed this reduction of color 
in thnty-flve cases tiled by me 

Moie constant than the histologic stiuctuie, is the yellow coloi of the 
fresh gioss specimen and the great tendency of the neoplasm to hemor- 
rhage neciosis, hyaline degeneiation of the stioma, and fat mfiltiation 
The invasion of the renal vein is almost pathognomonic of the tumoi 

Clinically the tumor is found at all ages The very }oung patient 0 
uho can i easonably be supposed to be born with the tumor show a strong 
disposition to some peculiar metabolic changes, such as obesity, hnsuties 
and abnoimal development of the sexual svstem The tast maionty of 
the cases piesent the clinical evidences of the grottth m later middle 
life Hematuria of an mteimittent tvpe, increasing m sevent} r , seems 
to be the usual lule Such cases, m the absence of palpable tumor, are 
commonly legaided as cases of renal stone, as cachexia is seldom a marked 
featuie 

Piognosis ba°ed on the nneioscopic struetuie is absolutelt unreliable, 
as the tumoi of most malignant aspect mat not hate piodueed metastase 0 , 
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and, on the otliei hand, a veiy small, quiescent and innocent appealing 
lenal deposit inaj r scattei its secondaiy tumois widely m the body 

With all these featuies befoie me, it seems justifiable to legaid the 
tumor as a tiue and peeuliai species, well woithy of a place of its oun, 
to be studied and tieated as a wondei fully individualized tumoi type that 
lends itself poorly to any scheme of classification that contemplates the 
association of it with caicmoma 01 saicoma Hypemcphi onia is without 
doubt the most common of pinnaiy lenal neoplasms 
422 Aig\ le Building 
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PAROXYSMAL HEMOGLOBINURIA « 

ACCOUNT OF TWO C ISES 
C F HOOVER, MD and C W STONE, MD 

CLEVELAND, OHIO 

The Hist of the two patients, A, who furnish the basis of this lepoit 
is a man 29 } r eais old, who was born m Hunganq and seived as a soldier 
m that country Dining his military service lie sulfeied much from chil- 
blains during the wmtei, but he never had an attack of hemoglobinuna 
until December, 1902, eight months afier coming to America 

During the summei of 1902 he lived m Saginaw, Mich, wheie he 
suffered much fiom mosquito bites 

Theie is absolutely no lnstoiy of any infection or illness until Decem- 
bei, 1902, when the patient first obseived the attacks of hemoglobinuria, 
which ueie invariably associated with exposure to cold We had no 
oppoitunit} to obseive any chilblains m this patient, but he says that 
when his feet or hands are thoioughly chilled they become vety white, 
then blue and finally led, swollen and fevensh The swelling lasts seveial 
hours According to the patient’s account of himself, such an attack is 
alwa} s followed by a “black-watei” attack 

Besides the chilblains there is nothing unusual m the lnstoiy of 
paroxysmal hemoglobinuna of this patient We found that attacks could 
be produced by exposure to cold If the patient placed both hands m 
ice cold water for five minutes no hemoglobinuna followed Sitting 
before an open window for fifteen minutes, clad m hospital garb, when 
the out-door temperatuie was about 10 degrees C , was followed by a 
cliaiactenstic chill, fever and hemoglobinuna If one foot was placed m 
a pail of water, 8 degrees C , for thirty minutes an attack would follow 
Dunng the mtenm the patient’s blood showed a coagulation time of 
three and one-lialf minutes Dnectly after an attack, while the tempera- 
tuie was still elevated, the coagulation time was the same 

On Mai ch 3, 1908, the patient’s blood-count was the following 
W B C , 7,800 B B C , 4 520,000 

Hb (Sahli), 92 Tallquist, 85 

*Rend in the Section on Pi notice of Medicine of the American Medical Asso- 
ciation at the Fifty ninth Annual Session, held at Chicago, June, 190S 



G F HOOVER , MD—CJV STORE, H D 


393 


A differential count of 200 wlnte cells gave the following lesults 
Polymorphonuclear cells, 158 = 79 per cent 

Small lymphocytes, 31 = 15 5 per cent 

Large lymphocjdes, S = 4 per cent 

Eosmophiles, 3 = 15 pel cent 


Repeated search for blood parasites proved negative, as did also all 
attempts to cultivate any organisms from the blood by the usual methods 
employed for such purposes These examinations were made during the 
attacks and during the interims On March 13 an attack was produced 
by placing the patient’s foot m a pail of water at S degrees C The 
following observations weie made before, during and after the induced 
attack of hemoglobinuria 

The patient’s foot was placed m the water at 10 50 a m Although 
there weie some subjective premonitory signs of a chill at 11 50 it was 
not until 11 55 that the rigor was pronounced 


The temperature by mouth was 
At 10 20 a m , 9S 3 degrees 

At 11 20 a m, 97 6 degrees Subjective symptoms of 
muscular soreness 

At 11 50 a m, 97 4 degiees Chill apparent 
At 12 24 p m, 100 2 degiees Patient felt warm, urme 
passed rich m hemoglobin 
At 12 45 p m , 102 degiees 
At 1 20 p m , 100 2 degrees 

The arterial blood pressure was 146 mm Hg , sj stolic pressure, 
before, during and after the attack 

The diastolic arterial pressure during the corresponding penods was 
95 The chill and fever did not, theiefore, modify the systolic or the 
diastolic blood pressuie 

Duung the febrile period at 12 50 p m blood drawn into a syringe 
containing a small amount (2 per cent of a 1 per cent solution) of 
potassium oxalate and immediately centrifuged showed a distinctly pink 
seium winch gave only the absorption bands of oxyhemoglobin to 
spectroscopic examination Blood drawn and treated in the same man- 
ner before the patient’s foot was placed m the cold bath levealed a normal 
serum A few days later a cantharides plaster was applied to the arm 
Three hours later when the serum was expected to accumulate m the 
underlying blister an attack of hemoglobinuria v as induced This serum 
was pmk and showed the oxyhemoglobin bands under the spectroscope A 
cantliandes blistei during an interim showed straw-colored serum 
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% Tlie leucocyte count before an induced attack was 6,000, at the end 
of the chilly penod the leucocyte count was 17,000 and was due to an 
meiease of the polymorphonuclear cells The leucocyte count made on 
Maich 7 was as follows 


At 9 00 a m, before the chill, = 6,000 

At 11 30 a m, after the chill, — 17 5 000 

At 1 00 p m, — 1 5 ; 000 

At 4 00 p m , = 11,000 


During this attack the red cells were reduced 700,000 per c mm 
A.n ophthalmoscopic examination during one of the attacks revealed 
nothing abnormal m the eye-ground 

Dui mg the attacks the urine was colored a dark chocolate hue and 
showed nothing moie than the piesence of albumin, hemoglobin and 
casts of blood pigment 

From the above obseivations it was apparent that exposure to cold 
caused hemoglobmemia which was well pronounced before the febrile 
period It is also clear that the rigor is associated with a slight lowering 
of the body temperature, and that the rise m temperatuie marks the 
cessation of the chill, which is unlike the relations between rigor, tem- 
peratuie and sense of warmth m the course of infectious diseases with 
which we are familiar 

The rise m temperature is associated with a pronounced polvmoipho- 
nuclear leucocytosis 

The second patient B, an American, 25 years old, was admitted to 
Lakeside Hospital April IS, 1908 This patient was much more sensi- 
tive to cold than patient A Without any history of illness or infection 
of any kind which could have any bearing on his present illness, B com- 
menced having paroxysmal attacks of hemoglobinuria identical m char- 
acter with those of A, eighteen months befoie admission to the hospital 
As m A, the physical examination revealed absolutely nothing of an 
abnormal character During warm weather he is perfectly comfortable, 
but if the thermometer is as low as 10 C , he is liable to an attack He 
is particularly sensitive to a cold, moist wind, and has had as many as 
three attacks m one day This patient gave no history of chilblains as 
did A, but at the conclusion of an attack there would be on the trunk 
and arms several small macules about one-sixteenth of an inch m 
diameter, m the middle of which a small blister would rise, from which 
the serum would escape during the febrile period and leave a very minute 
particle of desquamating epithelium apparent m the middle of the red 
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areola By the following morning all traces of the skm manifestations 
were gone 

The observations made on patient A were lepeated on patient B 
B suffei ed from a malady identical m character with that of A , the only 
essential difference being one of degree 

STUDY OF THE SERUM IN THESE CASES 

We then undertook a study of the seium of these patients fiom the 
standpoint of the side-chain tlieoiy, with the following results 

Although we were unable to find any oigamsm m the patient's blood, 
eithei during the attacks or m the interims, it was clearly appai ent that 
cold was essential foi the hemolytic activation of the patient’s blood 

Oui first expei iments consisted m attempting to activate the seium 
of these patients bv exposing it to a low temperatuie, then warming the 
seium to 37 degrees C and adding washed led-blood cells obtained 
fiom othei patients with normal blood After lepeated tiials with seium 
of these liemoglobinunc patients obtained by venous punctuie and from 
blistei serum (all of which weie unsuccessful as long as the led cells 
were added to the serum when warm), we then chilled the seium aftei 
led cells had been added When tins piecaution was taken, and the 
mixture warmed, hemolysis was complete within a very buef period 
All the experiments gave the same lesults with sera A and B 
Heraoglobmemie serum chilled m a salt and ice mixtuie at 5 degrees 
C , foi thirty minutes, then put m an oven at 37 degrees C foi one horn, 
and after the seium again attained body temperatuie the led cells fiom 
a normal blood which had been lepeatedly washed m physiologic salt 
solution were added to the seium and again put m the oven The result 
was negative The experiment and results are expressed m the follow 7 - 
mg foimula 

H S + 5° C foi 30 minutes -f- 37° for 1 hour -j- R 
B C = 0 

In the next expeiiment the red cells weie added befoie the mixtuie 
was exposed to a low temperatuie, and as soon as the mixtuie was again 
wanned complete hemolysis occuned This was apparent by the disap- 
pearance of all cloudiness and the mixture becoming a cleai iub}-ied 
solution wuth a maiked diminution of the viscosity of the serum 
H S -(- R B C -j- 5° foi 30 minutes -j- 37° C for 
10 minutes = -j- 

Tlie seium from patient B, with added led cells, was placed m the 
ice watei for fifteen seconds, then put m a watei bath heated to 3G de- 
grees C foi ten seconds, at the end of which time hemohsis was complete 
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The serum from patient A required a longer exposuie to cold to 
produce hemolysis, which is quite consistent with the comparative c lini cal 
histories of the two men B was much more sensitive to cold than A 
Accidentally we discovered that if the suspension of red cells m the 
serum of B was placed near a 32-candle-power incandescent eleetne lamp 
after having been exposed to cold, hemolysis occurred veiy promptly 
If a suspension of red cells m the serum was placed m a water batli 
at 15 degrees C for five minutes and then exposed to the rays of the 
lamp, which registered 25 0 on a thermometer placed beside the test- 
tube, liemolvsis was prompt and complete, that is, it occurred at the end 
of eight minutes 

A diop of the suspension of red cells m seium from B was placed 
undei the microscope aftei the mixture had been exposed to cold The 
rays of an Abbe condenser supplied sufficient heat to cause rapid 
hemolysis, which could be observed under the microscope Many cells 
disintegrated by fragmentation and many faded from view as the 
hemoglobin content was dissolved out of the stroma The entne field was 
then filled with fragments of red cells which would certainly have been 
mistaken for blood platelets so far as their morphology was concerned 
If the suspension of red cells m serum A or seium B were exposed 
to a low temperature for hours, no hemolysis occurred until the mixture 
was again warmed 

The reduction m temperature necessary m the laboratory tests to 
procure activation of this lytic serum gives a very striking suggestion 
of the radiation of heat from the suiface of the body and the subsequent 
warming of the blood from the surface, as it again meets the visceral 
blood, and it also illustiates the maintenance of the internal heat by 
metabolism 

If serum fiom normal blood was substituted for the lytic serum, and 
washed red cells from either A or B were substituted for the normal i ed 
cells employed m the former expenments, hemolysis did not occur 

This showed that the lytic principle was contained m the serum, 
and that hemolysis did not result from a diminished resistance of the 
patient’s red blood cells 

If to a suspension of washed red cells (5 per cent ) m 0 5 c c normal 
serum 0 03 c c of ser um B was added it was found to be the minimum 
proportion of lytic serum necessary to cause hemolysis So it may be 
said that approximately 6 per cent of serum B added to normal serum 
was required to cause hemolysis of 5 per cent suspension of red cells 
Thus far it is evident that cold (15 degiees 0 ) is essential for 
fixation of the lytic principle to the red cells, and that a temperature of 
25 C is necessary for the accomplishment of hemolysis 
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This behavior of the lytic principle strongly suggests the applicability 
of the side-chain theory to tins instance of hemoglobinuria 

In an article by Donath and Landstemei 1 we find they had the same 
experience as we had m producing hemolysis m vitio with the serum 
from a case of paroxysmal hemoglobinuria, and, although they attempted 
to prove the applicability of various steps m the side-chain theory, they 
failed to reactivate the serum after it had been inactivated by heat at 
56 degrees C for ten minutes 

If the serum is heated to 56 C for twenty-five minutes all attempts 
to procure hemolysis by exposure to cold and then to 37 C aie futile 
This shows, of course, that there is an unstable substance essential foi 
hemolysis which answers to the complement of Ehrlich’s tlieoiy It now 
lemams to be shown that there exists also a stable substance which serves 
as the amboceptor between the complement and the led ceils The first 
step to prove this point requires a successful reactivation of the seium 
If done by the usual method employed m hemolytic experiments as tried 
by Donath and Landstemei the result is negative 

0 5 e c of inactivated H S -f washed B B C + 5° C for 
30 minutes 37° C for one hour 
ISTow if the normal seium be added and the mixture is placed m the 
thermostat for many hours no hemolysis follows 

Inasmuch as a low temperature was lequired to procuie fixation of 
the amboceptor to the red cell it seemed probable that reactivation ex- 
peinnents had hitherto failed because a low temperature was not em- 
ployed m fixing the eomplementophilic end of the amboceptor to the 
haptophore of the complement The following reactivation experiment 
proved successful 

Oocc of inactivated H S -f- washed B B C -[- 0 25 c c 
of normal serum -f 5° C for 15 minutes 
The mixture was then waimed* to 37 degiees C and hemolysis fol- 
lowed immediately 

Thus it is apparent that cold is essential for the fixation of both the 
cytophilic and the eomplementophilic ends of the amboceptor 

The foregoing experiments prove the existence of two essential factors 
m the lj tie principle of the serum, one of which is unstable and is ren- 
dered inactive by heat and is present m all human sera , the other factor 
is moie lesistant to heat and is present only m the serum of patients m 
whom exposure to low temperature produces hemoglobmemia 

Eason 2 m his experiments on the serum of a patient with paroxysmal 

1 Donath and Lundstemer X lunch on med Wchnselir , 1904, li, 1590 

- Lrson Jour Path and Bacteriol 190G-7 \i, 1G9 
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hemoglobmui la by a different procedure showed practically the same 
point, although he failed to recognize the need of a low temperature to 
secure union between the complement and amboceptor In his experi- 
ment red blood cells were added to the patient’s inactivated ser um and 
the mixture exposed to ice-watei for half an hour After the mixture 
was removed from the ice-water bath the complement from normal ser um 
was added, how long after he does not state, but from our results the 
mixture must have been cold when the complement was added or hemo- 
lysis would not have occurred when the whole mixtuie was put m the 
brood oven 

If we are permitted to use the terms amboceptor and complement as 
applied to these two factors contained m the lytic serum it is incumbent 
on us to show that the union between the amboceptor and red cell is a 
biocbemie union and one that can not be destroyed by washing the 
cells with pltysiologie salt solution after red cells have been exposed to 
cold m the presence of the inactivated serum from patients A and B 
respectively At this period m our work we found that the oxalate 
serum did not differ from the serum which was procured by letting the 
serum separate out of the blood on standing And as the seium could 
be procuied moie promptly and m larger amounts by centrifuging the 
oxalate blood, hereafter when the term H S is employ ed we shall mean, 
hemoglobmemic serum to which 2 per cent of 1 pei cent solution of 
potassium oxalate has been added 

The following is an experiment to show the fixation ot the amboceptor 
which proved negative because the mixture was not exposed to a low 
temperature aftei the complement fiom a normal serum was added 
0 5 c c of inactivated H S -j- washed K B C + 5° C 
for 1 hour 

The mixture was centrifuged and the supernatant fluid drawn off, 
the red cells were washed three times with large amounts of an isotonic 
salt solution We then had presumably the red cells with the amboceptor 
fixed to them and clear of any of the excess of amboceptoi which might 
have clung to the cells irom the inactivated II S 

If normal serum was now added to these (red cells + amboceptor), 
and the mixture placed in an oven at 37 degrees C no hemolysis followed 
In subsequent experiments, however the mixture of (red cells + am- 
boceptor) -j- normal serum was exposed to a temperature of 5 degiees C 
for fifteen minutes and then hemolysis occurred as soon as the mixture 
was again warmed to 37 degrees C Heie again we have proof of the 
need of cold to procure fixation of the complementophilic end of the 
amboceptor to the haptophore of a normal serum 
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The following experiments were made to show how the amboceptor 
could he exhausted from the lytic serum 

To 1 e e of inactivated H S , five diops of a 10 pei cent suspension 
of washed red cells were added The mixture was exposed to 5 degiees 
C for one hour, then centrifuged and the supernatant serum drawn off 
To the supernatant serum, red cells weie again added and then 0 25 c c 
of normal serum added to the mixture This mixture was exposed to 
cold for fifteen minutes and warmed to 37 degrees C Hemolysis fol- 
lowed immediately, hut it was not so pionounced as in our other reactiva- 
tion experiments 

If to 1 c c of inactivated H S five drops of a 10 pei cent suspension 
of red cells were added, the mixture exposed to 5 degiees C foi one 
lioui and then centrifuged, the supernatant serum again exposed to 5 
degiees C for one hour with five drops of a 10 pei cent suspension of 
led cells again added to the serum, and then eentnfuged, the supernatant 
semm could not be reactivated 

Thus we have shown that if m two stages, ten drops of a 10 per cent 
suspension of led cells be added to (1 cc) the seium and exposed to 
cold for one houi each time, the amboceptoi can be exhausted fiom the 
inactivated liemoglobmennc seium 

Eiom a number of such experiments we learned that if the seium 
with red cells was exposed to cold less than one hour we could not 
piocuie fixation of the amboceptor 3 Thus fai we have shown that the 
liemoglobinemic serum contains two factors, one unstable and capable 
of being inactivated by exposure to a temperature of 56 degrees C foi 
twenty-five minutes and is a factor winch is common to all human sera 
and answeis to the complement of Elnlich 

The other factor is found only in the hemoglobmemic seia and is 
lesistant to 56 degrees C for twenty-five minutes This factor answers 
to the amboceptor of Elnlich and can be fixed m a biochennc union to 
the red cells and can be exhausted from the hemoglobmemic seia if a 
sufficient number of red cells be suspended m the seium and the mixtuie 
exposed to a low tempera tuie for one hour 

In watching hemolysis take place under the microscope and seeing the 
extieme lapidity until winch liemoljsis occurred m the test-tubes ue 
uere mipiessed with the striking similarity betueen this hemolysis and 
the hemolysis which occuis when small amounts of ether aie added to a 
test-tube of isotonic salt solution with led cells m suspension 

3 Eason (Jour Path and Bacteriol , 1906-7, xi, 169) was able to procure 
fixation of the amboceptor after one-half hour exposure to cold He vas also able 
to exhaust the amboceptor by one-lialf hour exposure to cold 
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The natmal deduction from such observations was that the lytic 
principle of the serum attacked the lecithin, cholesterm or some othei 
lipoid of the red-cell stroma If this were the case, then an excess of a 
mixture of lecithin and cholesterm m the serum would satisfy the avidity 
of this lytic substance and protect the red cells from destruction 
The follov mg experiment was made to show this point 
An emulsion of lecithin (Merck) m noimal salt solution and a 
mixtuie ot cholesterm (Merck) m normal salt solution were made 
Both mixtures were very thick Three drops of each were added to 0 5 
c c of H S and the mixture permitted to stand for one hour Washed 
erythrocytes were added to the mixtuie and the whole mass exposed to 
5 degrees C foi thirty minutes and then put m the oven at 37 degrees 
C for twelve hours Ho hemolysis followed 

We found then m trying lecithin and cholesterm separately that 
lecithin did not m the least inhibit hemolysis, but that cholesterm always 
prevented hemolysis even m the slightest degree when present to the 
extent of 5 per cent or more 

It remained to be shown how cholesterm exercised this mhibitoiy 
effect on hemolysis — whether cholesterm exercised merely a negative 
reactive influence or formed a union with the complement or with the 
amboceptor 

To the hemolytic serum an emulsion of eholestenn m noimal salt 
solution was added, and the mixture permitted to stand m the oven at 
37 degrees C for one hour The mixture was then centrifuged and the 
clear supernatant serum removed To this clear serum cells were added 
and the suspension of cells m the serum put m the cold bath at 5 
degrees C for one hour The mixture was then put m the oven at 37 
degrees C and at the end of twelve hours there was no hemolysis 

From this expenment we are permitted to assume there was a de- 
flection of either the amboceptor or the complement Unlike the behavior 
of the receptors of the red cells and the amboceptor, however, we found 
by repeated expeiiments that a low temperature was not favorable to 
anchorage of the cholesterm 

Cholesterm protected the red cells when 5 degrees C , 22 degiees C 
and 37 degiees C were employed, but the best protection seemed to be 
afforded when the cholesterm was m contact with the serum at 37 degrees 
C , so the affinity between the lytic principle of the serum and eholestenn 
was not identical m character with the linking of the amboceptor to the 
red cells 

The following experiments were then made to show whethei tiie 
amboceptor or the complement was deflected 
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One c e of the serum was inactivated by heating it at 56 degiees C 
for twenty-five minutes To this inactivated seium cholestenn m excess 
was added and the mixture permitted to stand at 37 degrees C for one 
hour The mixtuie was then centrifuged and the supernatant serum 
was cleaiei than the original unheated seium We then assumed if 
cholestenn was fixed m this inactivated serum it must be fixed to the 
amboceptor 

To this clear serum washed erythroc} tes weie added and the suspen- 
sion was exposed to 5 degiees C foi one houi The mixture was then 
warmed to 37 degrees C and 0 4 c c of normal serum was added and 
the ruixtuie again chilled at 5 degiees C for one hour The mixture 
was then put m the oven at 37 degiees C and m thirty minutes hemolysis 
was complete 

Theiefore, treating the inactivated serum with cholestenn did not 
pi event anchorage of the amboceptor to the red cells 

The following method was then employed to show whethei cholestenn 
deflected the complement or not m a reactivation experiment 

One c c of H S was heated at 56 degiees C for twenty-five minutes 
Red cells weie then added and the mixture chilled at 5 degiees C foi 
one hour to fix the amboceptor Cholestenn was then added to the mix- 
tuie after it stood m the oven at 37 degiees 0 for twenty minutes 
ISToimal <*eium was then added to the mixtuie which was chilled at 5 
degrees C foi thirty minutes The mixture was then warmed and pei- 
mitted to stand until the following day, but there was no hemolysis 
This experiment shows that cholestenn acts by deflecting the complement 
Early m our expenments on these patients we tiled calcium lactate 
as a remedy against hemolysis m both patients They weie given sixtj 
giams a day ovei a penod of two weeks, but at the end of that period 
the patients responded to cold as before and the hemolysis in vitio was 
unaffected Nor did calcium lactate inhibit the liemofysis in vitio 
Aftei our expenences with cholestenn m the laboratory we administered 
cholestenn to these patients pei os ten giams three times daily dis- 
solved m olive oil Aftei ten days’ tnal of the cholestenn treatment we 
found that liemohsis in vitio was unaffected m both patients The 
weathei dunng this penod was very warm, so neither patient had an 
attack, and although neither patient objected to repeated venous punc- 
tilios foi obtaining blood, thev did not wish to expose themselves to an 
attack of hemoglobinuria by exposure to a cold foot bath So whether 
the cholestenn theiapy may offer pioteetion against attacks due to ex- 
posuie to cold or not remams undecided 
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We make this statement m view of the expenenee which Widal and 
Rostam 4 had with their patients, on whom they were able to confer 
passive immunity by means of an antihemolytie serum Although the 
patients of Widal and Rostam enjoyed immunity from attacks on ex- 
posure to cold, their sera was as actively hemohtic m mtio during this 
period of immunity as before 

We icpeated the experiment of Widal and Rostam m piocuring an 
antihemolytie serum from a rabbit by treating the animal with normal 
human serum 5 

The rabbit was_ given four mtrapentoneal injections during a period 
of three weeks The amounts of normal serum used at each injection 
weie 5 c c , 15 c c , 12 c c and 12 c c respectively 

To inhibit the lytic action of these patients’ sera on red cells we found 
it necessary to employ about 12 per cent of the inactivated immune 
rabbit’s seium added to the seium of patients A and B Normal human 
serum was hemolytic to the labbit’s washed red cells, but the sera from 
our patients was more strongly liemoljtic than normal human serum 

In tube A was placed 10 c c of noimal human serum and m tube B 
was placed 10 e c of hemoglobmemic serum from patient B To each, 
i e, A and B, weie added lee washed red cells from the labbit Both 
tubes weie chilled at 5 degrees C foi twenty minutes and then both 
tubes weie put m vatei (55 degrees C ) for fifteen seconds Both tubes 
showed hemolysis immediately, but the hemolysis m tube B was moie 
complete than in tube A We also found that normal human serum 
completely laked the rabbit’s cells at 37 degiees C in forty-five minutes 
without the previous exposuie to cold 

The treated rabbit’s serum also completely laked normal human red 
cells at 37 degrees C m f oi ty-five minutes without previous use of cold 

To test the antihemolytie property of this “sensitized” rabbit seium 
it was, of course, necessaiy to inactivate the serum at 56 degrees foi 
twenty-five minutes 

We then found it ivas necessary to add as much as 12 per cent of the 
inactivated rabbit’s serum to the serum of patient B before hemohsis 
could be completely prevented The antihemolytie property of our 
rabbit’s seium was not so highly developed as m the rabbit of Widal and 
Rostam, probably because the rabbit was treated for a shorter time than 
was the rabbit m the hands of Widal and Rostam 

4 Widal and Rostam Conipt rend Soc de biol de Pans, 1905, 1, 321 

5 Eason (Jour Path and Bactenol , 1906 7, xi, 203) employed the serum of 
a patient suffering fioni paioxysmal hemoglobinuria for the same purpose Any 
human serum senes the same puipose 
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Widal and Bo stain found, that they could confer a passive immunity 
on then patients by subcutaneous injection of 25 c c of the inactivated 
seium from the sensitized rabbit This immunity against cold lasted for 
only ten days But duung the immune period the lytic property of 
then patients’ serum %n viti o was undimmished 

This antihemolytic serum of the sensitized rabbit inhibits the hemo- 
lysis if it is added to the mixture of led cells and lytic seium aftei ex- 
posure to cold 

The protection from this serum is by virtue of deflection of the com- 
plement and is not due to antiamboceptor 

The question of etiology arises m relation to these expenments m 
hemolysis m the following manner 

1 Is the lytic property of these patients’ sera due to a want of the 
noimal antihemolysm which is presumed to be present in the seia of all 
normal animals 5 

2 Does the lytic principle of these seia partake of the character of a 
catah tic agent or a ferment 5 

3 Oi is the lytic substance a biologic product of some form of in- 
fection which thus far has defied our attempts at detection 5 

If the first hypothesis were tenable we should expect to find hemolysis 
inhibited by the addition of inactivated normal human seium Tins 
liowevei, is not the case If inactivated normal serum is added to the 
fresh lytic seium in equal amounts and the mixture permitted to stand, 
either at a low tempeiature or at 37 degrees C for an hour before led 
cells aie added, hemolysis results after the mixture is exposed to cold 
just as m the original experiment 

The second hypothesis is not tenable because the amboceptor can be 
readily exhausted from the inactivated lytic serum by the exercise of its 
function of fixation to the led eells A catalytic agent would not be 
sacuficed in such measured quantities by the exercise of hemolysis 

The thn d hypothesis does not admit of disposal It is true that these 
patients aie m good health as long as they are not exposed to cold, and 
the fact that they have hemoglobmemie fever can not be regarded as the 
dnect effect of some oiganism The abundance of cell shadows which 
must exist m the plasma of these patients after hemolysis occuis is quite 
sufficient to account foi their fe\ei But patients may have infections 
without an elevation of temperature, and that, too, when oigamsms can 
be cultnated from their venous blood 

B e had a patient in oui waids at Lakeside Hospital during the past 
i eai who was a good example of an afebrile infection 

A joung man 20 3 ears old presented all the clinical signs of Hanots 
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typ e °f hypertrophic biliary cirrhosis of the liver with splenic tumor and 
slight icterus The patient remained three months in the ward and 
during that time a careful watch of his temperature never detected a 
rise above 99 degrees F From the fluid gained by punctures of the 
spleen and the liver and from blood obtained from the vein of his arm 
we were able to cultivate a large motile bacillus with many characteristics 
of the common colon bacillus It is true that the patient was ill, but he 
was not ill on account of his infection, but on account of his diseased liver 
and spleen With such experiences m mind it does not require a great 
flight of imagination to conceive of an mlection of some kind being the 
underlying cause of our patients 5 hemoglobmemia 

How, if such were the ease we should expect to find some evidences of 
an antibody m the blood of the patient who has had his disease five years 
and who is less sensitive to cold than the other patient who has had his 
disease only one and a half years 

With this idea m view, inactivated seium from patient A was added 
m equal amounts to the fresh seium of patient B and inactivated serum 
from patient B was added to the fresh serum from patient A m equal 
amounts These mixtures were permitted to stand one hour before red 
cells were added, but hemolysis resulted after the usual procedure of 
exposing the mixtures to 5 degrees C and 37 degrees C as m our earliei 
experiments 

As the matter at present stands we are justified only m saying that 
the hemoglobmemia which follows exposuie to cold is due to some 
biologic product m the plasma which m its behavior admits of the dem- 
onstration of every step m hemolysis as expounded by the side-cham 
theory of Ehrlich 

In conclusion it gives us great pleasure to express our gratitude to 
Dr J J Macleod, professor of physiology m Western Beserve Medical 
School for valuable suggestions and consultations during the progress 
of our woik 
Rose Building 


Ekeatum — A n absurd typographical erior occurred m the title of 
Dr Herrick’s paper m the October issue of the Archives (p 291), 
vheie the word “cuie” occuned instead of “case 55 — Editor 


A COMPARISON OP THE VON PIRQUET, CALMETTE AND 
MORO TUBERCULIN TESTS AND THEIR 
DIAGNOSTIC VALUE 

SAMUEL McC IIAMILL, M D 
HOWARD CIIILDS CARPENTER, M D 
and 

THOMAS A COPE, MD 

When ue decided to investigate the lelative and individual ments ol 
the nevei methods of diagnosing tubeiculosis, the liteiatuie did not 
contain the almost mnumeiable lejioits upon these pioceduies that aie 
ament to-day But we feel that this m no sense detiacts fiom ivhateiei 
ment this communication may have, since we aie now enabled not only 
to lcpoit on the lesults of oui own investigations, but also to point out 
then lelationslnp to the woik winch has alieady been done, which maj 
add something m the gcneial consensus to the dealing up of this un- 
developed question The tests u Inch i\ e have applied have been 

1 The conjunctival test of Calmette and Woli-Eisnei m one liundied 
and fifty-eight eases 

2 The scanfication test of von Pnquet in one bundled and lift} -nine 
cases (using both human and bovine tubeiculm in twenti -fom ca«es) 

3 The ointment test of Moio m one liundied and fitty-fom case* 

4 The subcutaneous test m eighty-five cases in confiimation of the 
otlieis 

PR EP Alt AT 10 X 01? TUBERCULINS 

It lias seemed to us vei} r impoitant to point out that all the tubei cu- 
lms which i\e have used m cam mg out these tests baie been piepaied 
m one laboiatoiy by the same method, and m oidei to make oui i emits 
of value m companson intli otlieis, to evpiess bnefh r the method of 
piepaiation of oui vanous solutions 

PREPARATION OP TUBERCULIN ORIGINAL (T 0 ) (ivOCII S OLD 

TUBERCULIN) 

A culluie of the human tipe of the lubeicle bacillus i\as gionn at 
mcubatoi tempeiatuie on gliceim beef bioth foi a penod of six to eight 
veeks, oi until the cultuie had coieied the entue suiface of the media 

Tiom the William Peppei Clinical Lahoiatoiv Unnemity of Pcniwhama 
Read hefoie the Association of American Pln«icians Washington D C, Mai 

is mos - 
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The flasks containing the culture were then placed m a steam stenlizei 
for thiee hours, after which they were removed and the contents, includ- 
ing the growth of the tubercle bacilli and the beef broth, poured into a 
common vessel This material was then stenlized in streaming steam 
for anotliei period of two hours, it being consideied that this prolonged 
exposure of the organisms to the streaming steam had some value m 
extracting the mtiacellular product of the tubercle bacilli The oigan- 
lsms were then removed, fiist by filtration though paper and afteiward 
by double filiation through a Berkefeld filter of the fine flow The 
filtrate, which contained the toxins which had been liberated during the 
growth of the oiganism, as well as those extracted during the period of 
stenlization, was then evapoiated over a water bath to one-tenth its 
ongmal volume This evaporated tubeiculm was again passed through a 
Beikefeld filtei, placed m bottles and sterilized by the intermittent 
method 

For the bovine tests, the tuberculin was piepaied m the same way, 
substituting the bovine for the human eultuie 

PREPARATION OP THE TUBERCULIN PRECIPITATE ( r T P ) POR THE 
CONJUNCTIVAL REACTION 

Two volumes of 95 per cent alcohol weie placed m a tall c} finder 
and to this was slowly added one volume of concentrated tubeiculm 
original As soon as the precipitate, which foims eaily, had settled to 
the bottom of the cylmdei, the supernatant liquid was decanted and the 
precipitate collected on a hard filter with the aid of a suction pump It 
vas after waid w ashed with 70 per cent alcohol until the filtrate lan clear 
It was dned m vacuo over sulpliuiie acid until perfectly dry, then d was 
bioken up m a mortar into fine powder This powdei was then dis=olved 
m normal saline solution to whatever stiength was desired 

PREPARATION OP THE TUBERCULIN OINTMENT 
Equal parts by weight of tubeiculm original and anliydious lanolin 
were mixed togethei as follow s The lanolin was heated m a mortar 
until liquid The moitai was then placed m an ice pack and the tubercu- 
lin slowly added, stnnng vigorously with the pestle until the entire 
mass had become solidified In this maimer an even distribution of the 
tubeiculm throughout the lanolm was obtained 

Foi use m the conjunctival test, the tubeiculm was put up m small 
sealed capillary glass tubes, after the well known form used for vaccine 
containers each tube containing three drops of the strength solution 
desired The puipose m having three diops m each tube is to enable t ie 
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opeiatoi to remove one chop to wash an ay the possible spicules of glass 
nhieh might adheie to the tube., the second diop being instilled and the 
third remaining behind to pi event the forcing out of any spicules of 
glass which may have come fiom the othei end of the tube 

The solutions used foi the cutaneous test weie put up m bulk, as was 
also the tubeieulm ointment 

STRENGTH OF SOLUTIONS USED 

In the application of the e}e test, we have used a 0 5 per cent stiength 
m the gieat majonty of cases Occasionally, m the application of a 
second test to the oiigmal conti ol eye, we used 1 per cent strength , in a 
small gioup of oldei childien, we used a 0 75 ]iei cent solution, while m 
clnldien under two 3 ears of age, we used a 0 3 pei cent solution A 10 
pei cent solution of tubeieulm oiigmal was used m the seal ideation 
tests, both human and bovine, and a 50 pei cent stiength m the oint- 
ment tests 

TECHNIC 

Eye — The mbbei bulb w as slipped o\ei the end and placed m the 
middle of the capillaiy tube, aftei which both ends of the tubes weie 
wiped off with alcohol and the ends broken by the fingeis coieied with 
steiile cotton, aftei which the bulb w as placed m its piopei position 
The histoiy of the patients as to previous eye conditions having been 
ascei tamed, the eyes weie inspected to eliminate mflammatoiy lesions, 
and notes lecorded desciiptive of the general appeal ance The lowei 
lid of one 03 e (the otliei seivmg as a conti ol) was then diawn downward 
and one diop of the solution placed m the lowei inner poitaon of the 
con] unc tn a The lid was held m this position until the solution was 
veil diffused tlnoughout the conjunctival sac 

Scai ification — Aftei the tlioiough cleansing of the uppei aim with 
soap and watei, followed b 3 alcohol, thiee-mmute scaufications, just deej) 
enough to pioduce slight ledness without diawmg blood, were made at 
distances of about 5 cm fiom each othei m the length of the aim One 
diop of the 10 pei cent solution was then placed on each of the uppei 
and lowei aieas y by means of a steiile droppei To the middle scanfica- 
tion, which served as a control nothing was applied m the earlier cases, 
while in the latei groups, one diop of the same solution minus the tubei- 
eulm, ua c used The solutions weie then nibbed carefully into the 
scaufications for a few moments after which the aim was exposed until 
the solutions had dried 

Ointment Test of Moio — The diiections of its ongmatoi were fol- 
lowed 111 it^ application Aftei carefullv inspecting and recording the 
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appeal ance of the abdominal smface and ■without any piehmmaiy tieat- 
ment of the abdomen, theie was applied, eithei to the epigastue legion, 01 
moi e fiequently to the snbmammaiy legion, about 15 giams of the 
ointment With a lubbei linger cot oi lubbei glove, the ointment was 
gently lubbed into a circulai area of fiom 6 to 7 cm diametei foi forty- 
hve seconds Over another area on the abdomen the same lanolm as that 
used m the combined ointment was applied m the same mannei to seive 
as a eontiol The suifaces were then exposed to the an foi twenty min- 
utes The ointment was not lemoved and no pioteetive diessmg v as 
applied 

As oui purpose was to determine the degice of ruufoimitv of the 
vanous leactions, we used piacticallv the same dosage foi all oa^es and 
the same technic m then application thioughout oui woilr We bclieie, 
however, that much smallei doses will yield equally satisfactory results 
and that vanatrons in the method of applying the scaiifieation and oint- 
ment tests may be used advantageously We aie convinced, fiom the use 
of these lattei tests, m cases not included m this group, that a smallei 
<-canfication foi the cutaneous test and a less prolonged evposuie aftoi 
the application of the tubeieulm is advisable, and that the lemoval of the 
excess of the ointment at the end of twenty minutes wall limit the reac- 
tion to a smaller aiea m that it wall avoid the spieadmg of the ointment 
when the clothing is leplaced 

THE REACTION 

The pnnciple of the reaction resulting fionr the application of these 
tests is, of course, the same m all When an individual develops tubeicu- 
losis theie occurs a hypersensitiveness of his tissue cells to the poisons 
of the tubeiele bacillus, a condition for winch von Pnquet has suggested 
the teinr “Alleigie” (alleigistie leaction), that is, the alteied reaction 
which the human organism shown to nricio-oiganisnrs oi substances with 
which it is alieady acquainted, a reaction, m otliei woids, m an oiganism 
watli an acquired immunity When, theiefoie, the tubeieulm solution* 
aie bi ought into contact with the various poitions of the bocl} r , these 
reactions manifest themselves by the phenomena about to be desenbed 

When a drop of tuberculin solution is instilled into the eje of an 
immunized individual, m fiom foui to twenty-four houis theie occur 5 
an injection of tire palpebial conjunctiva, semilunai fold, cai uncle and 
oibital conjunctiva, winch varies m intensity m ditfeient individuals, w 
usually attended by lachrymation and moderate film nous oi fibio- 
puiulent exudation, winch may go on to piofuse suppuration, attended 
by very marked swelling of the external, as well as of the internal tissue* 
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Fig 1 — Reaction to tlie conjunctival test — seveie (+ + +) Note swelling 
and ledness of tlie lids and cheeks, swelling of the cai uncle, lacluymation and 
nan owing of the palpebial fissuie Conti ol (Sketch of single eye is fiom 
the same ease ) 



Fig 2 — Reaction to the conjunctival test — seaeie (+ + +) Loavei lid 
udi acted Note swelling and ledness of palpebial conjunctn a, plica sennlunai is 
ind cai uncle and intense injection with swelling of oibital conjunctn a 
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1 — Reaction to the connuictnol te*t — moderate (aaeragi \ mrtio.i 
Lowti lid lelincted eNeba’l turned outward and upward Note 
and iedm-< ot palpibi al tonjunctna plica -imihinim and c arum le 
luiectiou oi oibnal conjumtna Control 
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Fitr 7 — Reiction to the ointment te*t — moderate (H — f~ ) ( the unoccupied 

elide mai ks the contiol nea ) 
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of the e}e (Figs 1. 2 and 3) This condition oidmaul} leaclics its max- 
imum in iivenix-foui to foih -eight liouis, aftei xiluch it gradual!} 
fades its final complete disappeaiancc bcaung definite ldationship to 
the sexeut} of the leaction 

Following tlie application of the seaufication test, m fiom fixe to 
txx cut} horns, thcie dex clops nnmcdiatelx adjacent to the scai a pinkish 
aieola, xxhicli lapidlx extend 5 in an ontxxaid dnection until its maximum 
is leached (fiom txventx-foui to s event} -txvo liouis) at which time theic 
usuall} exists a cential deep pink 7one of xaiymg diametei sunounded 
b} a pale pink, indefinitely maigmated aiea, geneiall} more oi lc 5 s encu- 
lai m shape The cential zone is elexated and mduiated and m the 
teveiei leactions ma) be coveted xxith minute vesicles, xvhtch occasionallx 
coalesce (Fig 5 4 and 5) This cutaneous leaction peisists foi xai}ing 
pcnods of time fiom foui oi five da}s to txvo xxeeks, depending on its 
degiee of sex cut} 

The leaction to the ointment ie«t manifests itself by the dexelopment 
m a time vaiymg fiom ten liouis to tlnee daxs of a papuloxesiculai 
ciuption, at the site of application and max xai} m the numhei of 
papules fiom one to sexeial hundied The appeaiance of the eiuption i 5 
chaiactenstic, the most minute papules haxmg a xesitulai appeaiance a 
pinkish colop and an eixthematous aieola The papules xai} m diametei 
liom 0 5 to 3 oi 4 mm, the ei} thematous aieola sometimes measming 
fiom G to 8 mm In the moie piofuse eiuptions the 5 e aicolas max 
coalesce gixmg a more oi less pmlash hue to the entiie aiea (Fig 5 G 7 
and S) In its sexeici txpes it usuallx peisists foi a xxeek oi ten daxs, 
alter xxhicli the pigmented appeaiance may peisist foi «e\cial xxeeks 
final lx disappeaimg bx a pioccss of desquamation 

In dcscnbmg the plixsical chaiacteiistics of these leactions, foi the 
sake of clearness and unifoiinit} xve have indicated tlnee degiee 5 foi 
each betxxeen xxhicli extiemes x\e aie enabled to classifx all of oui case- 
in this classification xxe haxe folloxxecl clo^elx the suggestion of Baldwin 
foi the exe test and haxe used foi the explosion of these xanous degiee 5 
the 5 mgle double and tuple plus maiks xilncli he has lecommended 

In the mtci pi etation oi the e}e leaction oui single pin 5 maik indi- 
cate 5 all manifestation 5 fiom a model ate lednes 5 of the mfenoi palpolnal 
conpmctixa oi of the 5 enulumi fold oi the caiuncle up to a faulx milked 
injection of all of the 5 e tissues with oi witliout slight lacliixmaiion oi 
iihnnou 5 exudation The double phi 5 maik coxeis the ca=e 5 m wlmh 
hieie occui 5 m addition to the aboxe mild capillaix injection of the 
oihnal conjunetixa gixmg use to a pinkuh hue 5 ome =w ellmg of tin 
xainnele 5 ennlunai told and palpebial conjunctixa attended with laclu - 



CASES IN WHICH THERE WERE NO CLINICAL EVIDENCES OF TUBERCULOSIS 










(Continued) CASES IN WHICH THERE WERE NO CLINICAL EVIDENCES OF TUBERCULOSIS 
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niation and fibunous 01 fibiopuiulent disohaige The triple pins mails, 
indicates all grades of reaction fiom the foiegomg up to the most severe, 
as descubed m the above geneial descnption of the eye reaction 

In the description of the cutaneous reaction, the single plus mark 
indicates any dcgiee of hypeienna up to a diametei of 10 mm The 
double plus maik indicates all degiees of hyperemia having diametei s of 
fiom 10 to 20 mm and the triple plus maik, all leactions having 
diametei s of moie than 20 mm 

In the case of the ointment leaction the single plus maik indicates 
an eruption of fiom one to twenty papules, the double plus maik, from 
twenty to sixty papules, and the triple plus maik, fifty or moie papules 

MATERIAL USED 

Piaetieally all oui patients were undei 8 yeais of age and all but 
twenty-six of them weie inmates of St Vincent’s Home, an institution 
with a population of about 400, composed of foundlings, oiplians and 
destitute children The cases m the home were tested m routine by 
waids, nrespeetive of the conditions fiom which they weie suffering, and 
m the great majority of instances, without any knowledge of then 
physical condition pnor to oi at the time the tests were applied We 
purposely deferred the physical examination of these children until after 
the tests had been applied, foi two reasons, fust, m order to be unbiased 
in our interpretation of the results, and second, m ordei to make our- 
selves especially vigilant m searching for tuberculous lesions in those 
who leacted We had the children under absolute control throughout the 
entiie period that the tests w r ere being made, a special nurse having been 
employed for then exclusive care 

The accompanying tables, wdnch recoid oui results, aie self-explana- 
toiy 

SUMMARY OE TABLES 

In addition to the cases designated itL the tables, we have applied 
the test to seventeen infants ranging m age fiom foui weeks to 
five months All tlnee tests were applied to six of them, the scai lfication 
test to all, and the ointment to but fourteen Inflammatory conditions 
of the abdomen interfeied with the application of the eye and ointment 
tests to the entiie group The lesults were entnely negative Tubercu- 
losis was not suspected m any of the cases and m about half of them the 
condition of nutrition was fair , m the remainder pool 

Of the 134 patients resident in St Vincent’s Home, 95 weie clin- 
ically non-tubei culous, 27 had suspicious signs of eithei pulmonaiy oi 
glandular tubeiculosis. and 12 were definitely tuberculous Of the 95 
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clinically non-tubeiculous patients, 59, 01 621 pei cent, leacted, of the 
27 suspicions patients, 23, oi So 1 jiei cent , and of the 12 tubeiculous, 
all, oi 100 pei cent 

Of the 26 patients outside of St Vincent's Home 15 yveie clinically 
non-tubeiculous, 1 suspicious, and 10 tubeiculous Of the clinically non- 
tubeiculous patients 5, oi 33^ per cent, leaded The 1 suspicious sub- 
ject failed to leact and, of the 10 tubeiculous patients, 9, oi 90 y>er cent 
leacted The one suspicious case m this lattei gioup y\as piobably one 
of tubeiculous meningitis, the patient uas tested ivithm the last twenty- 
foui horns of life The one tubeiculous patient who failed to react had 
advanced pulmonaiy tubeiculous and yyas anemic and emaciated 

Taking the tvo gioups togcthei, theie yyeie 110 clinically non-tubei- 
culous, 28 suspicious and 22 tubeiculous Of the clinically non-tubei- 
culous 64 oi 5S 2 pei cent leacted positneh , of the snspicious patients 
23, oi S2 1 pei cent leaded positively, and of the tubeiculous 21, oi 
95 4 pei cent leacted positively 

If to these gioups aie added the 17 infants who yyeie non-tubeiculous 
clinically, and all of yyhom failed to leact, the only change that occuis is 
m the non-tuberculous column m yyhich the peicentage of positive leac- 
tions is lecluced from 58 2 to 51 2 per cent 

One thing that is especially noticeable m these lesults is the high pei- 
centage of positive leactions among the inmates of St Vincent’s Home 
This icsult is m no sense suipiismg, since the institution is enormously 
overcioyyded and, until veiy lecentlv fiom the eaily yvmtei until the late 
spung, its inmates have been housed with the windows closed and the 
yvaids sometimes oveilieated and sometimes undeiheated, depending 
laigely on the external tempeiatuie Scatteied thioughout the vanous 
yvaids theie aie a numbei of definitely tubeiculous cluldien and a fanlv 
laige numbei that might be suspected of tubeiculosis, who yyould act as 
especially effective foci m a community of individuals witli as maiked 
lovering of the geneial nutrition as these childien show 

OBSERVATIONS OF REACTIONS 

Following m the footsteps of otheis, yye studied oui eailiei cases fiom 
lioui to lioui, to deteimme the tune of beginning, the maximum point 
of and the length of diuation of the reactions, but, finding that tlieie 
yyas nothing to be gained fiom these fiequent observations, yve latei 
abandoned them We aie satisfied if obseiyations aie made at the end of 
fyyelve liouis, tyyenty-foui hours, and forty -eight houis, and aftei this 
inne, the cases aie kept under general supei vision that no reactions vill 
be ovoi looked and all essential inhumation yull be obtained The mildest 
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cutaneous and ointment leaetions mil nevci be missed and we have nevei 
obseived an eie leaction winch did not peisist long enough to be discov- 
eied dunng such obseivation penods 

Nevertheless, even m our latei cases^ we had obseivations made at 
fanly fiequent mteivals, m oulei to get a geneial idea of the coiuse of the 
vanous leaetions The eailiest onset of the conjunctival leaction oc- 
cuned two and one-half liouis after instillation and the latest foity-eight 
liouis after instillation In two eases the onset of the cutaneous leaction 
oecuned five liouis aftei its application and m two cases it did not 
appeal until the foitj'-eightli lioui The eailiest onset of the ointment 
leaction was ten liouis aftei it was applied and the latest seventv-two 
liouis 

The eailiest maximum conjunctnal leaction was eleien and one-half 
liouis aftei instillation and the latest nmet\-six liouis The aveiage was 
twentv-eiglit liouis Foi the cutaneous miction, the eailiest was twenty 
horns and the latest one hunched and twenti liouis, the aveiage being 
tlm tv-six houis Foi the ointment test, the earliest was twenty-two 
liouis, the longest one hunched and twenty liouis, and the aveiage foity 
hours 

As to the length of duration of the vanous leaetions, 0111 obseivations 
aie accuiate only msofai as the} show that in one case the conjunctival 
leaction ceased m nmeteen and one-half liouis and that m seveial in- 
stances it chd not entnely disappeai foi a penod laijmg fiom seven to 
nine dais, that the shortest chuation of the cutaneous leaction was 
foity-eight houis and that it sometimes peisisted foi moie than ten 
dais^ and that the shoitest duiation of the ointment leaction was loit)- 
eight houis and the longest moie than ten dajs, it alwais having faded m 
coloi and most of the papules having disappeaied at this time 

COXTROL IESTS 

The contiols weie piactically negative m all cases, except in a few 
eie cases to be lefened to, m one scarification case, and m eleien of the 
ointment cases In each of the lattei two this was due to contamination 
iiom the inoculated aieas The conti ol m the scaiification cases was the 
middle scai, about 5 cm fiom each of the otheis Whilst the solution 
was dijmg the child evidently tiansfened some of it to the eontiol with 
is ngeit? In the ease of the ointment it was not lemovecl fiom the 
abdomen and consequently when the undershirt was leplaced it spiead 
tie ointment beiond the limits to which it had been applied, m some 
cases extending to the conti ol aieas 
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SUBJECTIVE SYMPTOMS 

Very few of ihe ehildien complained of discomfort fiom the reactions, 
none fiom the cutaneous In fourteen of the ointment cases there was 
evidence of itching In the conjunctival cases complaint of pam m the 
e} r es was made m six cases , photophobia and recun ence of joint pams 
occuired m one case of rheumatism and photophobia was noted m thn- 
teen other cases One of the patients who reacted positively to the sub- 
cutaneous test complained of pam at the site of injection, another with 
chronic tubercular arthritis of the knee had an access of pam m this 
joint and severe abdominal pam (possibly due to a stirring up of tubei- 
culous mesenteric glands) and a thud /patient had enlarged painful and 
tender inguinal glands with pam at the point of injection 

DILATATION OF THE PUPILS 

Apropos of the observation of Blum that dilatation of the pupils fol- 
low ed fiom one and one-fourth to one and one-half hours after the instil- 
lation of the eye, we made observations m the last twenty cases tested 
and found the pupil of the instilled eye dilated m five cases, contracted 
m foui and without change in eleven At various times, m our routine 
examinations, ve had noted dilatation or contraction of the instilled 
pupils twelve hours 01 more after instillation This phenomenon is in- 
teresting. especially oui obseivation that sometimes the instillation is 
followed by conti action instead of dilatation 

We have no satisfactory explanation to offei, although it is possible 
that the inconstant pupil effects of the instillation of tubeiculm depend 
not alone on any inconstant strength or concentration of the solution 
used, but on individual peculiarities of the eyes Whether local nuta- 
tion pioduced by the diug, gieatei m one instance and less m anothei, 
maj be accountable foi these pupil phenomena, is a subject for furthei 
investigation 

UNIFORMITY OF REACTION 

In about sixty of oui cases the conjunctival test was applied from 
one to three weeks before the scarification and ointment tests In the 
lemamdei of the cases the three tests were applied at the same time 

The conjunctival, scanfication and ointment tests were all applied 
m 132 cases In 122 of these all of the tests reacted positively In the 
ten lemainmg, the conjunctival test was negative foui times when both 
of the others veie positive and positive once when both of the others were 
negatn e The scarification test was negative four times when one or 
both of the others veie positive and the ointment tluee times It wdl 
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be seen fiom these figuies that theie was almost absolute nnifoinnty as 
to leaction with these tlnee tests 

As to the relative degiees of leaction m the individual eases, the oint- 
ment test gave the most maiked leaction in 35 cases, the conjunctival m 
32 cases, and the scarification test m 24 cases This icsult is very intei - 
estmo- m connection with the statements m the liteiature regarding the 
compaiative sensitiveness of the conjunctival, scanfication and ointment 
tests 

AY olfi-Eisner, for instance, apparently working with weakei solutions, 
e\pi esses the opinion that the scanfieation test is more sensitive than the 
conjunctival and that it shows latent foci which are not revealed by the 
conjunctival unless repeated and that the cutaneous reaction is positive 
in one-lialf of all cases, while the conjunctival is positive m hut one-sixth 
Eeer found the conjunctival test very uneeitam with a 0 5 per cent 
solution, and fiequently negative m cases which were positive to a 25 
pei cent solution applied cutaneously 

Moielli m 100 cases of pulmonary tuberculosis, obtained 98 positive 
leaetions to the scanfication and hut S6 to the conjunctival test In 
22 cases of tubeieulosis other than pulmonary, he obtained 72 per cent 
of positive leaetions to the scanfication and 63 pei cent to the conjunc- 
tival In 96 cases of non-suspected tuberculosis, he obtained 21 per cent 
of positive leaetions to the scarification, and 11 per cent to the conjunc- 
tival lost 

Stadelinann’s figuies correspond with AYolff-Eisner’s, and they shaie 
the belief that the conjunctival leaction indicates an active tuberculous 
piocess, while the cutaneous suggests inactive or latent foci A few in- 
vestigators have found the reactions more uniform and Calmette inclines 
to the belief that tuberculous lesions are moie frequently found by the 
conjunctival than by the scarification test 

AVolfT-Eisner attempts to explain the gi eater sensitiveness of the 
seanfication test by a difference between the abortive power of the skm 
and conjunctiva, the absorption m the skm being less, the concentrated 
tubeiculm lemams where it is applied until the cells, which, owing to 
the latent natuie of the foci, have not leaded to tubeiculm for a long 
tune, legam then power to react undei the influence of the piolonged 
stunulation, whereas m the conjunctiva, where absoiption is rapid, the 
contact is not long enough to stimulate the formation of antibodies 
On the basis of oui lesults, we can not share m this opinion, and 
because of tlie almost absolute uniformity of reaction until the tlnee 
tests, we believe that the apparent lessened sensititiveness of the conjunc- 
tiva is to be accounted for on some otliei basis Theie must be some 
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SUBJECTIVE SYMPTOMS 

Vei J °f the cluldien complained of discomfort fiom the reactions, 
none from the cutaneous In fourteen of the ointment cases theie was 
evidence of itching In the conjunctival cases complaint of pain m the 
e} r es was made in six cases, photophobia and recunence of joint pains 
occuried m one case of rheumatism and photophobia was noted m thir- 
teen othei cases One of the patients who reacted positively to the sub- 
cutaneous test complained of pain at the site of injection, another with 
chronic tuberculai arthritis of the knee had an access of pam m this 
joint and severe abdominal pam (possibly due to a stnnng up of tuber- 
culous mesenteric glands) and a tlnid /patient had enlaiged painful and 
tender inguinal glands with pam at the point of injection 

DILATATION OE THE PUPILS 

Apropos of the observation of Blum that dilatation of the pupils fol- 
lowed from one and one-fourth to one and one-lialf horns after the instil- 
lation of the eye, we made observations m the last twenty cases tested 
and found the pupil of the instilled eye dilated m five cases, contracted 
m foui and without change in eleven At various times, m our routine 
examinations, ve had noted dilatation 01 contraction of the instilled 
pupils tuelve liouis or more aft ei instillation This phenomenon is in- 
teresting especially our obseivation that sometimes the instillation is 
followed hy contraction instead of dilatation 

We have no satisfactory 7 explanation to olfei, although it is possible 
that the inconstant pupil effects of the instillation of tuberculin depend 
not alone on any inconstant strength 01 concentration of the solution 
used, but on individual peculiarities of the eyes Whether local muta- 
tion piodueed by the drug, gieatei m one instance and less m anothei, 
may be accountable foi these pupil phenomena, is a subject for furthei 
investigation 

UNIEORM1TY OE REACTION 

In about sixty of oui cases the conjunctival test was applied from 
one to tlnee weeks befoie the scarification and ointment tests In the 
lemamder of the eases the three tests were applied at the same time 

The conjunctival, seanfication and ointment tests were all applied 
m 132 cases In 122 of these all of the tests reacted positively In the 
ten remaining the conjunctival test vas negative foui times when both 
of the others veie positive and positive once when both of the others were 
nevatue The seanfication test was negative four times when one or 
both of the others veie positive and the ointment tlnee times It mil 
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be seen fioni these figuies that theie was almost absolute unifoimity as 
to leaction with these tlnee tests 4 

As to the relative degiees of leaction in the individual cases., the oint- 
ment test gave the most maiked leaction m 35 cases, the conjunctival in 
32 cases, and the scarification test m 24 cases This icsult is veiy inter- 
esting m connection with the statements m the literature regarding the 
comparative sensitiveness of the conjunctival, scarification and ointment 
tests 

Wolff -Eisner, for instance, apparently working with weakei solutions, 
expresses the opinion that the scarification test is more sensitive than the 
conjunctival and that it shows latent foci which are not revealed by the 
conjunctival unless repeated and that the cutaneous leaction is positive 
in one-lialf of all cases, while the conjunctival is positive in but one-sixth 
Feei found the conjunctival test very uncertain with a 0 5 pei cent 
solution, and frequently negative m cases which were positive to a 25 
pei cent solution applied cutaneously 

Morelli m 100 cases of pulmonary tubeiculosis, obtained 98 positive 
motions to the scanfication and but 86 to the conjunctival test In 
22 eases of tubeiculosis othei than pulmonary, he obtained 72 per cent 
of positive reactions to the scanfieation and 63 pei cent to the conjunc- 
tival In 96 cases of non-suspected tuberculosis, he obtained 21 per cent 
of positne reactions to the scanfieation, and 11 per cent to the conjunc- 
tival lest 

Stadelmamrs figures correspond with Wolff-Eisnei’s, and they share 
the belief that the conjunctival reaction mdi cates an active tuberculous 
process, while the cutaneous suggests inactive or latent foci A few m- 
i estigators have found the reactions more uniform and Calmette inclines 
to the belief that tubeieulous lesions are more frequently found by the 
conjunctival than by the scarification test 

Wolff-Eisner attempts to explain the greater sensitiveness of the 
scanfieation test by a diffeience between the abortive power of the skm 
and conjunctiva, the absoiption m the skm being less, the concentrated 
tubei culm lemams wheie it is applied until the cells, which, owing to 
the latent natme of the foci, have not reacted to tubei culm for a long 
time, regain their power to react under the influence of the prolonged 
stimulation, whereas m the conjunctiva, wheie absoiption is rapid, the 
contact is not long enough to stimulate the formation of antibodies 
On the basis of oui lesults, we can not share in this opinion, and 
because of the almost absolute unifoimity of reaction with the tlnee 
tests, we believe that the apparent lessened sensititiveness of the conjunc- 
tiva is to be accounted foi on some othei basis Theie must be some 
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satisfactory -way to account foi the differences w Inch have been obtained 
by difi'cient mvestigatois, and lie suggest that it piobably depends on the 
use of solutions of van mg stiengths which, m the case of the tubeieulm 
piecipitate, i« due to defective technic m its piepaiation In the descnp- 
tion which v e have given of this pioeeduie, we have pointed out that the 
piecipitate which foims aftei the eoncentiated tubeieulm ongmal has 
been added to the alcohol, should be sepaiated fiom its supernatant liquid 
as soon as possible If this is not clone, the pioteids of the peptones 
and beef extiact contained m the media will be piecipitated out and col- 
lected nith the tubeieulm It is veiy evident that peicentage solutions 
made fiom sucli a piecipitate Mould be much ueakci than coiic«pondmg 
peicentage solutions piepaied fiom a pine tubeieulm piecipitate It is 
not unlikely also that the effect of too piolongcd contact of the alcohol 
uith the piecipitated tubeieulm may have the effect of denatui izmg, 
and thus m part destroying the activity of the tubeieulm, n Inch is a 
pioteid bod} 

VTe believe theiefoie, that the diffeiences m lemlts which have been 
obtained can be obviated if piopei eaie is piacticed in the piepaiation of 
the solutions which aie used and that, as fai as childien aie concerned, 
as lias been shown by oui iesult=, theie will be piactically absolute uni- 
foimity of leaction to the vanous tests The demonstiation of this 
uniformity of leaction uc considei one of the most impoitant lesults ot 
oui investigation, since it slious that none of the thiee tests has any 
advantage, msofai as the sensitiveness to leaction is concerned It then 
becomes a question as to which of the tlnee is most desnable fiom othei 
standpoints 

Befoie beginning the application of the conjunctival test, we had no 
knoM ledge of an} senous lesults from its use It is unquestionably much 
easiei of application than the othei tests, and it piobably yields result* 
a little moie quickly, but it has the gieat disadvantage of pioducmg a 
decidedly uncomfoi table lesion, and it is not mfiequently follow ed bv 
venous inflammations of the eye, which not only pioduce gieat physical 
discomfoit and lequne weeks of active tieatmcnt, but winch may pei- 
manently affect the vision and even lead to its complete destruction In 
oui senes we have had two cases of severe purulent unilateral conjunc- 
tivitis, six of seveie leeumng phlyctenular conjunctivitis, one of which 
developed corneal uleeis, and one case of keiatoeyclitis with a large 
cential corneal ulcei Permanent disturbance of vision is suie to follow' 
m this last case from the cential seal, even should the associated lesion, 
which at pie'smt is m a veiy unpionnsing condition, cleai up eventually 
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These lesults aie by no means nmque, mam smnlai obseivations hay- 
ms: been made Thus Webstei and Kilpatnck, Moio, Eeei, Schenck, 
Eppenstem and Gaupp, m then lepoit*, leiei to ten cases of phlycten- 
ules, Yan Dunne and Stoeke lepoit five and Schenck and Seifeit and 
ICiause and Heitel man} of the same condition Ebstein, de Lapei sonne 
and Eppenstem lepoit eight cases of keiatitis. He} maun one case of 
11 it i s , Tenon one case of keiato-mtis , Snnonm one case of corneal ulcei , 
Buch one case of conjunctival liemoiihage, de Lapeisonne two cases of 
mdoaclitis Cassoute one case of senous eye trouble, causing loss of 
vision aud Baibiei the case of a child m ulneh an old bilateial keiatitis, 
healed foi one ycai, was stmed up by the instillation of tubeiculm, con- 
tinued foi tv o months, and caused almost complete destiuction of the 
sight of one eje Y r e have had a numbei of veibal lepoits of eje com- 
plieatiom some i elating to veil senous conditions, and we aie sine thei 
aie much commonei than the lefeiences ue have communicated Mould 
indicate 

While we aie Milling to admit the a^seition of Calmette that mam 
of the complications may be due to the leaction-mflamniation paving the 
May for the development of preexisting oi supeiaddecl infectious oigan- 
isms we do not feel that this m am sense justifies the test In fact, Me 
aie stiongb of the opinion that am diagnostic pioceduie which will so 
fiequenth lesult m senous lesions of the eje, mespective of the May m 
which it pioduces them, has no justification m medicine, especially 
mice theie aie othei diagnostic tests of equal if not supenoi value, which 
aie applicable to the same class of cases and not attended until the same 
distuibmg lesults Y r e lefei to the scanfication and ointment tests As 
to the lelative ments of these tu r o testb. Me feel that the ointment offeis 
the advantage of eliminating am denudation of the suiface of the skin, 
thus lessening the dangei of infection 

Ye have had no complaint and hate noted no evidence of cliscomfoit 
dining the leaction to the scanfication test and nothing othei than itch- 
ing dm mg that to the ointment test Y r e lime seen no complications 
horn eitlieq 'dthough Me note m the liteiature that tubeieulide (v Pn- 
quet) lichen c ciofulosoium (Eeuand and Leman e, von Pnqnet Bagm- 
ski and Siccaid Oppenlieim) ^ sciofulodcim (Moio and Doganoff) , and 
h mph angitis Mith celling of the epitiochleai glands (AYolfE-Eisnei, 
Xionig) liave folloued the scanfication reaction, and lichen sciofulo- 
conuu QIoio) the ointment leaction 

In addition to this, Feei quotes Pfaundlei, Moro and Doganoff as hav- 
ing frequently obseived phlyctenules’' appear on the cornea ten oi fifteen 
(an aftei the application of the scarification test, which the) attributed 
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to a special liypei sensitiveness of the entile organism Eeei eommuni- 
cates two instances of Ins own, oecnnmg m 344 applications of the cuta- 
neous test, m one of which the conjunctival test had been applied ten 
days previously It is not stated m his quotation wliethei the conjunc- 
tival test had been pieviously applied to the cases of the authors above 
mentioned It would seem likely, from the penod elapsing between the 
application of the conjunctival test and the occunence of the phlycten- 
ules in Peer’s second case that the phlyctenules were attubutable to the 
conjunctival rather than to the cutaneous test 

"Wolff -Eisner refers to the occunence of phlyctenules after the appli- 
cation of the scarification test, but, m making the statement he is evi- 
dently quoting from the obseivations of others In any event, it is mani- 
fest fiom the repoits in the literature that complications of this natuie 
occur much more frequently after the eye test than aftei the scarification 
test It is entnely reasonable that it should be so, since the direct appli- 
cation of the solution to the eye not only bungs the conjunctival tissue m 
contact with a laiger dose of the tuberculin, but produces an inflam- 
matory lesion which rendeis the tissues of the eye more vulneiable to in- 
fectious oiganisms, which may be in the eye and which aie undoubtedly 
responsible foi many of the severe concomitant symptoms m these cases 

In our own cases the eye complications occurred m all but two before 
either the scanfication or ointment tests had been applied In these two 
the tlnee tests were applied at the same time, and m them we have ci ed- 
ited the lesults to the eye test 

If sensitization of the entire organism follows the application of the 
scanfication test, as the authors quoted suggest, it is not suipnsmg that 
phlyctenules should follow, since their occurrence has been noted aftei 
the subcutaneous test In one of our own cases (Case 62), phlyctenules 
developed nine days after the subcutaneous injection, the conjunctival 
scarification and ointment tests having preceded the subcutaneous by moie 
than one month 

It is veiy probable that the dosage used m the scarification test, the 
absorptive power of the skin m different individuals, as well as the man- 
ner of applying the test, especially the nature of the scanfication may 
have some bearing on this question Geneially speaking, we do not be- 
lieve it probable that a systemic reaction is likely to follow the applica- 
tion of either the scarification or ointment tests Thus the diop of 10 
pei cent tuberculin which w e applied to the skin m cai rying out the scari- 
fication test was equal to 0 01 c c , which contained exactly 0 001 gm of 
tuberculin The drop containing this 0 001 gm was only m small part in 
contact vith the point of scarification, the greater bulk of it being seat- 
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tei ed ai ound its lioi dei s Unless, tliei ef ore, it was absoi bed by the unbi oken 
skm, the absoiptive piopeities of which we know to be but slight, the 
amount of actual tubeiculm taken up by the tissues geneially must have 
been exceedingly small, and when we realize that one-half of the total 
quantity of tubeiculm contained m this diop was injected subcuta- 
neously m several clnldien who had leaded cutaneously without pio- 
ducmg symptoms of systemic leaction, we feel that the chance of its 
oceunenee aftei the cutaneous test must be extiemely slight, or that if 
it does occui it represents an extiaoidmanly high degiee of sensitiveness 

Puithermoie, we believe that in the unmjuied skin to which the oint- 
ment m the amount used, 0 15 gm equivalent to 0 075 gin of tuberculin, 
is applied, absorption of tubeiculm sufficient to pioduce anything beyond 
a local reaction can not possibly occui 

LATE REACTIONS 

Theie is a certain peculianty of the leaction, pointed out by Stadel- 
mann, which is worthy of consideration and which seems to be common 
to all, namely, a tendency to be delayed m its development and persistent 
m its duiation This delayed leaction may follow m cases m which the 
primary leaction was early In the case of the cutaneous reaction it may 
peisist at its maximum foi as long as three or four weeks We have not 
noted what we felt might be termed a delayed reaction after any of our 
eye oi scanfication tests, but m one instance we had a persistence of the 
ointment leaction at its maximum for about three weeks An effort has 
been made to explain this type of reaction on the basis of the histologic 
study of the papule Daels examined foui such papules from cadavers 
and one from a living subject Some of these showed nothing specific, 
but m two cases the papule accurately lepioduced the stiuctuie of the 
tubeicle 

Tins histologic picture, which was discoveied m very circumscnbed 
aieas by the examination of serial sections, made him suspect the pres- 
ence of dead bactena m the tubeiculm, which suspicion he confiimed 
by studying the centrifugated sediment of the same tuberculin that had 
produced the lesions 

He does not suggest the presence of dead bacilli m the tubeiculm as 
an explanation of the occui lence and genesis of the von Pirquet reac- 
tion, but makes the rather interesting observation that the presence of the 
bodies or fragments of the bodies of dead bacilli might tlnow some light 
on the return leaetions which follow the subcutaneous test, as well as 
account for the eye reactions which sometimes occur m apparentlv 
healthy individuals when the test is repeated with a sufficiently large 
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The changes piodneed m the conjunctival sac by the hist instillation 
aie geneially tubeicnlons tissue changes, hence the second and thud 
instillations into the conjunctival sac pioduce a violent leaction, which 
is in accoid with the fundamental disco veiy of Koch that tuberculin 
produces inflammation m tubeiculous aiteintions If the phenomena m 
the eye were due to a puiely fluid poison, it would be hard to understand 
why the ability to react which is produced by the first instillation should 
peisist for months, and also why this ability to react does not extend to 
the eye as a whole, m view of the lapidity with which fluid diffusible 
substances mtioduced into the conjunctiva make then way into the eye 
The tlieoiy of Wolff -Eisner that the efficacy of tuberculin injections 
and inoculations depends on the piesence of the bodies of dead bacteria 
m the tubeieulm — m other woids, that it is a bactenolytic leaction — is 
m accoid with these views 

Bandlei and Kieibiscli also studied the late papules histologically 
and obseived infiltration with mononuclear cells and some epithelioid cells 
and giant cells 01 what they termed the beginnings of giant cells, which, 
howevei, differed from the Langhans type These findings are interest- 
ing and stimulated us to make histologic studies of the papules fiom the 
delated abdominal reaction, above lefened to Eor the sake of compari- 
son, ne studied with this a papule fiom a normal leaction The sections 
weie kindly made and lepoited on by Dr C Y White, and confirmed by 
Dr M B Haitzell They agieed that neither lesion differed m any 
way fiom the ordmaiy histologic picture of simple inflammation of 
the skm 

CONBIRMATION BT THE SUBCUTANEOUS TEST 

In eiglity-five cases we applied the subcutaneous test m confirmation 
of the othei tests Sixty-tlnee of these had been positive to the super- 
ficial tests and twenty -two negative The subcutaneous test verified all 
the negative cases, by showing no evidence of reaction In two of the 
positive cases, this confirmation was lacking, and in one case doubtful 

The injections weie given m the lover light or left lumbar legion 
When it was necessary to lepeat the dose, it was given on the opposite 
side 

In the fust gioup of nine cases, including negative cases and mild 
reactions, the dosage was 0 1 mg The only evidence of reaction occuired 
m the mild cases, and this was definite enough to leave no question as 
to the natuie of the leaction 

In the second gioup we gave 0 1 mg subcutaneously and, after foitv- 
eiglit horns, repeated the test in the doubtful cases, giving 0 5 ms 
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In (lie third gioup of somewhat oldei cliildicn wc gave 0 5 mg, as the 
initial dose m the doubtful cases, icpeatmg with 1 ra g 

In the Iasi gioup we gave 0 75 mg as an initial dose and found it 
unnecessary to lcpeat the injection m am We obseived no seveie ie- 
actions In one case theie was vomiting about fouiteen horns aftei the 
injection and m anothei enlaigement of the inguinal glands associated 
with tenderness and some lymphangitis 

RETURN- REACTIONS 

lie obseived veiy stukmg letum leactions in all but 16 pei cent of 
the cases, 67 pei cent of the total nuinhci showing letum conjunctival 
ieaetion=, 65 5 pei cent letum cutaneous leactions and 59 pei cent re- 
turn ointment leactions Theie weie no evidences of mflammatoiy 
leaetion m any of the tubeiculin aieas m the cases, winch had been 
negative to the oiigmal tests The most sinking letum leactions weie 
those occuning on the abdomen ovei the aiea to which the ointment had 
been applied (Fig 9) Tins so-called letum leaetion, as it appeals 
aftei the cutaneous and ointment leactions does not possess the cbaiae- 
tenstics of the ongmal leaetion It is meiely a mottled, pinkish blotch- 
ing of the legions which had been occupied b} r the ongmal leaetion and 
shows neither elevation, papulation noi indmation The diffeience is 
veiy cleaily shown by a companion of the sketches showing the ongmal 
and letum abdominal icactions 

We obseived no letum leactions following the application of the 
supeificial tests m the cases m which thev w 7 eie made at intei vals In 
seveial cases m which a second eje test w 7 as made m the ongmal conti ol 
eye theie was a slight leaetion in the opposite eje (ongmal test eje) 

In this connection it maj be pointed out that, m a few instances, we ob- 
sened a bilateral conjunctival leaetion aftei the instillation m one eje 
a point which has been commented oil quite frequently bj otliei mvesti- 
gatois and which has been explained most commonly on the basis of a 
tiansimssion of the tubeiculin from one eye to the other, by nibbing fiist 
the instilled and then the conti ol eje 

POSTMORTEM CONFIRMATION 

In ttie few r instances m which we w r eie able to obtain autopsies the 
postmoitem findings confixmed the results of tire tests applied Whcie 
the leactions weie negative the autopsies failed to leveal am evidences 
of tubeiculosis In one case m winch onlv the eorrjuuetnal test was 
applied wuth a positive leaetion, some ceivical glands xemoied smgicall; 
weie pioved tubeiculous by the histologic examination and m anotliei 
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case leactmg to tlie conjunctival test, miliaiy tubeiculosis, tuheiculous 
meningitis and enlaiged tubeieulous mesenteric glands were found at 
the autopsy 

Theie has been a consideiable amount of postmoitem study of cases 
m which the conjunctival and cutaneous tests have been applied Yon 
Pnquet made autopsies on one hundied childien v horn he had tested 
subcutaneously Ififtv-two of these, m whom the scarification test had 
been negative, showed no tubeieulous changes macioscopically Thnty- 
fom of his patients died of tubeiculosis, diagnosed clinically Thu teen 
of these had been tested dui mg the last ten days of life and none of 
them had leacted Thnteen patients, dying oi non-tubeiculous con- 
ditions, had shown tubeiculosis as an acecssoiy finding In this lattei 
gioup nine had leacted positively, while in four, of whom three were 
not examined within the last ten days of life, the test was negative, and 
m one case, which had leaded, no macioscopic evidences of tubeiculosis 
weie found at autopsy 

Blum, Comby, Moielli, Wolff -Eisner, Letuelle, Piouff, A Mane, 
Paviait, Otto Giunbamn, Hischlei, Eyie, Wedd and Heiz, Feei and 
Gaupp made autopsies m a laige number of cases (moie than sixty) in 
which either the conjunctival 01 seanfieation tests had been applied and, 
without exception, confiimed both then positive and negative findings 
On the othei hand, Bouiget quotes two cases, one of hemiplegia and one 
of acute pentomtis, Massary and Weil a case of caiemoma, Bouiget and 
Stilling a case of typhoid fevei , Cohn and Simonin each a similai case, 
in which they obtained positive conjunctival reactions and failed to find 
evidences of tubeiculosis at the autopsy 

It will be seen fiom the foiegomg that the lesults of postmoitem 
investigation have, m the mam, confiimed the specificity of these le- 
actions The value of the negative lesults, as Soques has pointed out, 
may always be questioned, unless tlioiough macioscopic, micioscopic and 
bactenologic examinations, and animal injections of the tissues have 
been made 

When we lealize that any of these tests will leveal the most minute 
foci of tubeiculosis, it is veiy easy to undei stand how leadily the lesions 
may be overlooked m the couise of an ordinal y autopsy 

When tubeieulous lesions aie found at the autojisy m cases which 
liaie not leacted, the relationship between the time of leaction and the 
date of death must be taken into consideration, became it is the iule 
that tubeieulous cases fail to leact dui mg the last days of life, as well as 
undei ceitam othei conditions 
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COMPARISON OF TUBERCULIN TESTS 


-Foi instance, m one of oui cases of advanced pulmonary tubeicu- 
losis, the patient being cachectic and emaciated, we obtained negative 
Jesuits to all tlnee of the supeiticial tests, as rvell as to the subcutaneous 
In the experience of those who have used these tests, negative i esults have 
been almost omveisal m cases of this type 

Dufoui states that since 1899 he has had unifoimly negative lesults 
to the subcutaneous test m cachectic cases, m individuals attacked with 
acute, fatal tubeiculosis, and in piactically all tubeiculous cases duung 
the last few days of life With the never tests, the lesults have been 
the same This phenomenon is explained on the basis that the oiganism 
is so oveiwhehned by the poisons of tubeiculin, that it loses its power 
to ieact, 01 , as Baldwin e\pi esses it, theie occuis an exhaustion of the 
reactno mechanism by the excesmve absoiption of poison Yon Pnquet 
makes tlie suggestion, on the basis of some of his lesults, that the 
absence of leaction duung the la«t dais of life may be only iclative and 
can be oieicome by veiv laige doses of the poison 

It not infrequently happens that individuals who fail to ieact to the 
hist test mil ieact when the te^t is lepeated This has been mteipieted 
to mean that such individuals aie the beaieis of latent foci and, as then 
tissues have not been m contact with the poisons of the tubeiele bacillus 
foi a long time, the tiist application of the tubeiculin merely stimulates 
immunization thus paving the nay for the occunonce of a leaction to 
the second test 

This question is closely 1 elated to the sensitizing of the tissues, m 
icgai d to u Inch tlieie must exist a gieat diveisity of opinion until added 
knowledge makes it possible foi us to amve at moie definite conclusions 
Yon Pnquet admits the possibility of inoculation pioducmg immunity, 
but inclines, fiom his experiences m the inoculation of tubeiculin to 
believe that it is not followed by liypei sensitiveness 

The lattei view is maintained by Wolff-Eisner, Calmette and many 
otlieis and ceitamly the histologic findings of Daels pievioush lefeired 
to would seem to leqiuie some explanation in this connection 

This question of anaphylaxis will necessanly tlnow some doubt on 
the absolute specificity of the tubeiculin test, if it is pioved that it is 
entuely possible to pioduee a condition of hy pei sensitiveness m the use 
of tubeiculin On the other hand, the weight of expenence, the enormous 
peicentage of postmortem, confirmations of the subcutaneous tests m 
animals, and of the superficial tests m human beings and the almost 
uniform ccnfii matron of the superficial test by the subcutaneous method, 
vould seem to suggest that the tests can be relied on to indicate the 
existence of tuberculosis in human beings, except m the type of cases 
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which has been previously referred to Admitting this, the value of 
these tests, fiom the standpoint of diagnosis, would be absolute as to 
the existence of some form of tuberculosis, but the fact that they reveal 
the most mm ute and even the inactive and possibly healed forms of the 
disease, together with their failure to react m the presence of associated 
cachexia and m the advanced stages of the disease and especially in the 
most acute forms of tuberculosis, make them of much less value than 
we had hoped they might be m the diffeiential diagnosis between the 
n regular types of tuberculosis and other conditions which simulate them 
Krause, Liesenberger and Russ, as well as Cohn, obtained a large 
percentage of positive results with the conjunctival test m cases of 
typhoid fever and also obtained positive results m tuberculous cases by 
the instillation of typhoid toxin, from which they argue that the test is 
not specific and that reactions are simply an expression of a hypersensi- 
tiveness of the oigamsm to toxins m general One of Cohn’s cases came 
to autopsy and showed no evidences of tuberculosis Bourget and 
Stilling also report a positive conjunctival test m a case of typhoid fever 
which showed no lesions of tuberculosis at the autopsy These results 
have not howevei, been confirmed by the observation of others In our 
series, the test was applied to three cases of typhoid fever, both during 
the febrile period and m convalescence In two cases the result was 
negative, while m the other it was positive at both periods of the disease 

Austin and Grunbaum, Leroux, Trannoy, Hutchings, Lesne and 
Maire, Olmer and Terras, Levy and Wolfi’-Eisner report negative results 
m nineteen cases of typhoid fever The negative results in cases of 
typhoid fever just quoted would seem to disprove the theory of the 
authors fust mentioned and negative the value of their findings, as beai- 
mg on the specificity or diagnostic value of the tests 

It would seem to us that the negative results are probably of more 
value than the positive findings m differential diagnosis, except m serious 
febule conditions They definitely eliminate the possibility of tuber- 
culosis 

We believe that the test will prove of value m its positive results 
m making it possible to separate the infected from the non-mfected m 
institutions m the early recognition of infection and the consequent 
eaily adoption of treatment m the determination of the beginning of the 
infection, especially m tuberculous families, and possibly m connection 
with the deteimmation of the origin of certain cases or groups of cases, 
as well as m stimulating us to a more careful study of the methods of 
transmission of the disease The observations of Rosenberger regarding 
the frequency of tubercle bacilli m the stools, even m cases not clinically 
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tuberculous, as well as the recognition of the tubercle bacilli m the urine 
suggest the possibility of a moie frequent transmission of contagion 
through the medium of the discharges than we have been inclined to 
believe This would seem to be an especially probable mode of trans- 
mission m the large overcrowded institutions, m which the soiled body 
and bed linens aie washed eithei infrequently 01 inadequately In an 
institution, for instance, such as that from which the majority of our 
cases have been drawn, it would seem unlikely that the number of 
actively tuberculous cases, especially of pulmonary cases, avou] d be suf- 
ficient to account for the widespread dissemination of infection which 
exists theie, and, unless we assume that these ehildien aie infected 
either pnoi to admission or that they are infected through the medium 
of the milk which is supplied them, we must conclude that tlieie is some 
othei mannei of transmission of the disease 

There has been some effort made to place a prognostic significance 
on the type of leaetion, especially on the type of the cutaneous reaction 
It Avould seem possible that a gradual diminution of reaction m the 
ad\ anced cases may indicate an unfavorable course 

COMPARISON OF HUMAN AND BOVINE SCARIFICATION TESTS 

Suggested by the differential tuberculin reaction of Detie, by which 
lie attempts to differentiate between the bovine and human type of infec- 
tion by the differences m reaction to filtrates of the human and bovine 
bacilli, we applied, by the scarification method, 10 pei cent solutions of 
tuberculin original — prepared, the one from bovme, the othei from 
human cultures — in the same individual The upper arm ivas chosen 
foi the application and the tests Avere applied in tiventy-four cases The 
lesults shelved the leaetion to the human tuberculin the stronger m 
eleven cases, two of these which reacted strongly not leactmg at all to 
the bovine The degree of reaction ivas the same m eight cases and m 
two it ivas much stronger to the bovine than to the human, ivhile m 
three there ivas no reaction to either Generally speaking, the differences 
m degree of reaction where the one was stronger than the other were veiy 
striking "Wliile these figures are of no value for purposes of deduction, 
they are nevertheless somewhat suggestive 

ANIMAL EXPERIMENTS 

In the hope that Ave might be able to throw some light on certain 
intei estmg features of this question, we undertook some experimental 
Avork on rabbits 
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What we armed to accomplish was to deteimme whether the type of 
the reaction bore any relationship to the stage of the disease or the natuie 
or location of the lesion Incidentally, we endeavored to create immunity 
m several normal rabbits by the mtrapentonieal injection of tnbeicle 
toxin and to sensitize the conjunctival tissues m two normal rabbits and 
one tuberculous rabbit, which had shown no tendency to react, by the 
lepeated instillation of tuberculin precipitate 

For some reason, which, up to the present, we have been unable to 
explain, our results were entirely negative In the case of the attempts 
to induce immuni ty this may not be surprising, but our failure to obtain 
leactions m de fin itely tuberculous animals — proved by autopsy — the re- 
sult is, to say the least, confusmg 

We were at first inclined to believe that the inoculation with a bovine 
cultuie and the use of tuberculin of human origin might have some 
beaung on the result, but we note that Calmette, Breton and Petit ob- 
tained positive reactions m rabbits under similar conditions, from which 
we assume that this explanation is not satisfactory We then mcrnn- 
mated the dosage, feeling that we might have overwhelmed the animals 
with so much toxin that immunity was not established When we came 
to post our animals, we found that intravenous rabbit No 4, killed on 
the fifty-first day, showed little beyond a lesion at the point of injection 
We felt that this accusation would not hold for tins case When we 
found that one of our control rabbits which had had its eye instilled on 
the fifth of April (normal rabbit No 1), and was killed on the sixth of 
May, showed a few tubercles m the left lung, we were still further con- 
vinced that the dose was not responsible for our negative results We 
must, however, consider the possibility of mfection in this case between 
the date of the last reaction (April 5) and the time of the autopsy 
(May 6). 

In the light of the fact that the authors mentioned, together with 
Nobecourt and Montoux, Vallee, Lmgmeres, Naegeli, Akerblom and 
Yenier and Gilliland (the last-named working with the same tuberculin 
which we used and in the same dosage), have obtamed positive eye re- 
actions after infecting their rabbits with both types of organisms, with 
vaiymg doses, many of them larger than ours, and by the various methods, 
ve feel that our negative findings, while failing to accomplish the pur- 
poses we had m view, have nevertheless presented a new problem which 
v\ e hope to solve by further investigation 

The tubeiculm which we used m testing these animals was of the 
same lot that we used successful!}' m human bemgs, both before and 
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after these experiments were done The variability of the results of the 
authors ref ei red to may beai some relationship to our uniform negative 
results 

LABORATORY REPORT ON THE ANIMAL EXPERIMENTS 

Culture Used foi Inoculation —Culture H of the laboratory of the State Live 
Stock Sanitary Boaul It is a virulent bovine culture, and has been growing on 
artificial media since about 1902 

Prepaiation of Emulsion — The emulsion v, as made from a six weeks old 
bouillon culture and m such strength that 1 c c of emulsion represented 0 001 
gm of diy tubercle bacilli 

Animals Used — Seventeen rabbits ere used m these experiments, twelve 
were inoculated with the above emulsion , four intraperitoneally with 0 5 c c 
(herein referred to as mtraperitoneal rabbits 1, 2, 3 and 4), subcutaneously 
with 1 c c ( subcutaneous rabbits 1,2,3 and 4 ) , four intravenously with 0 25 
cc (intravenous rabbits 1, 2, 3 and 4) , two received subcutaneous injections of 
tuberculous toxin (filtrate from six weeks old cultuie) (toxin rabbits 1 and 2), 
three were not inoculated (normal rabbits 1, 2 and 3) 

Tuberculin precipitate is indicated in the following tables by "T P ” 

CON TUX CTI VAL TUBERCULIN REACTION EXPERIMENTS ON KNOWN 

TUBERCULOUS RABBITS 

Table op Results 


Date 

Day 

No of Rabbits, Instillation, etc 

18 lirs 

24 lirs 

48 lirs 

Feb 


Intrapentoneal Rabbit 1 




26 

1 

Inoculated four rabbits intraperitoneally 




28 

3 

Instilled left eye 0 5 per cent T P 

Neg 

Neg 

Neg 

March 





2 

0 

Instilled right eye 0 5 per cent T P 

Neg 

Neg 

# 

9 

5 

9 

Autopsy, see below 






Inti aperitoneal Rabbit 2 




5 

9 

Instilled left eye 0 5 per cent T P 

Neg 

Neg 

Neg 

10 

14 

Instilled right eye 0 5 per cent T P 

t 


Neg 

12 

16 

Autopsy, see below 






Inti aperitoneal Rabbit 8 




17 

21 

Instilled left eye 0 5 per cent T P 


X 

Neg 

18 

22 

Instilled right eye 0 5 per cent T P 


X 

t 

20 

24 

Autopsy, see below 






Inti aperitoneal Rabbit // 




30 

34 

Instilled left eye 0 75 per cent T P 


X 

Neg 

April 

8 

43 

Instilled right eye 1 per cent T P 

Neg 

Neg 

Neg 

16 

51 

Died Autopsy, see below 




March 





2 

1 

Inoculated four rabbits subcutaneously 






Subcutaneous Rabbit 1 




9 

7 

Instilled left eye 0 5 per cent T P 

Neg 

Neg 

Neg 

23 

21 

Instilled right eye 0 5 per cent T P 

Neg 

Neg 

Neg 



Abscess at seat of inoculation at this date 
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Date 

Day 

No of Rabbits, Instillation, etc 

18 hrs 

24 hrs 

48 hrs 

A/p'i il 


Subcutaneous Rabbit 2 




2 

31 

Instilled left eye 1 per cent T P 

Neg 

Neg 

Neg 



Abscess discharging at this date 




14 

43 

Instilled right eye 1 pei cent T P 

Neg 

Neg 

Neg 



Subcutaneous Rabbit 3 




30 

59 

Instilled left eye 0 75 per cent T P 

Neg 

Neg 

Neg 



Subcutaneous Rabbit ^ 




30 

59 

Instilled left eye 0 75 per cent T P 

Neg 

Neg 

Neg 

May 






5 

64 

Autopsies done on all subcutaneous labbits 

, see below 



Mai ch 





13 

1 

Inoculated four labbits intrathoracically 






Inti athoi acic Rabbit 1 




17 

5 

Instilled left eye 0 5 per cent T P 

Neg 

Neg 

Neg 

23 

11 

Instilled right eye 0 75 per cent T P 

Neg 

Neg 

Neg 

25 

13 

Autopsy, see below 






Inti atlioi acre Rabbit 2 




30 

18 

Instilled left eye 0 75 per cent T P 


t 

Neg 

Apr 






14 

33 

Instilled right eye 1 pei cent T P 

Neg 

Neg 

Neg 

16 

35 

Autopsy, see below 






Inti athoi acic Rabbit 3 




S 

27 

Died Autopsy, see below 




May 


Intrathoi acic Rabbit 




1 

50 

Instilled left eye 0 3 per cent T P 

Neg 

Neg 

Neg 

5 

54 

Autopsy, see below 






Inoculated four rabbits intravenously, March 16 



Maich 

Inti avenous Rabbit 1 




20 

5 

Instilled left eye 0 75 per cent T P 

Neg 

Neg 

Neg 

24 

9 

Instilled right eye 0 75 per cent T P 

Neg 

Neg 

Neg 

26 

11 

Autopsy, see below 






Inti avenous Rabbit 2 




30 

15 

Instilled left eye 1 per cent T P 

Neg 

Neg 

Neg 

Api il 






16 

16 

Instilled right eye 0 3 per cent T P 

Neg 

Neg 

Neg 

12 

2S 

Autopsy, see below 






Inti avenous Rabbit 8 




14 

30 

Died before test was applied Autopsy, see 

below 
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Date 

Day 

No of Rabbits, Instillation, etc 

18 lirs 

241ns 

48 hrs 



Inti avaneous Rabbit 




30 

May 

40 

Instilled left eye 0 3 per cent T P 

N eg 

Neg 

Neg 

5 

51 

Autopsy, see below 





*A very famt injection of the vessels which we considered negative It did 
not develop until 48 hours 

fAn injection very slightly moie marked than Note 1 Since this is the only 
rabbit in which wm obtained this result, we considered it negative 

$A milky discharge from the inner canthus Not pus, unaccompanied by any 
injection of the vessels Negative 


VON 

PIRQUET (SCARIFICATION) AND 310110 

(ointment) 

TEST 

Date 

Day of 

EXPERIMENTS 

Normal Rabbit 2 

Results 

May 

Disease 

No of Rabbit, Test, etc 

24 hrs 

48 hrs 

2 


Sacrification test 

Neg 

Neg 

April 

2 


Ointment test 

N eg 

Neg 

2 


Normal Rabbit 3 

Scarification test 

Neg 

Neg 

2 


Ointment test 

Neg 

Neg 

2 

24 

Toann Rabbit 1 

Scarification test 

Neg 

Neg 

2 

24 

Ointment test 

Neg 

Neg 

2 

24 

Toxin Rabbit 2 

Scarification test 

Neg 

Neg 

2 

24 

Ointment test 

Neg 

Neg 

2 

51 

Intrathoracic Rabbit 1/ 

Scarification test 

Neg 

Neg 

2 

51 

Ointment test 

Neg 

Neg 

2 

48 

Inti avenoits Rabbit 4 

Scarification test 

Neg 

Neg 

2 

48 

Ointment test 

Neg 

Neg 

2 

61 

Subcutaneous Rabbit 1 

Scarification test 

Neg 

Neg 

2 

61 

Ointment test 

Neg 

Neg 

2 

61 

Subcutaneous Rabbit 2 

Scarification test 

Neg 

Neg 

2 

61 

Ointment test 

Neg 

Neg 


•Scarification test sol 20 per cent Koch’s old tuberculin Ointment test sol 
equal parts tuberculin original and lanolin (anhydrous) 
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To Determine Whether the Conjunctival Tissues Can Be Sensitized by 
the Instillation op Tuberculin Precipitate, Whether This Results 
from Frequently Repeated Instillations or from Instillations 
Made at Longer Intervals, and the Time Required to Sensitize 


Three rabbits were used, two normal (Normal 
tuberculous (subcutaneous No 1) 

No of 

No 1 and Normal No 2) one 

Strength of 

Tuberculin Result 

Date 

Feb 

Day 

Eye Instillation 

Noimal Rabbit 1 

Per Cent 

24 hrs 

28 

1 

Left 1 

05 

Neg 

April 

2 

35 

Left 2 

1 

Neg 

5 

Apt il 

38 

Right 1 

See autopsy 

Normal Rabbit 2 

1 

Neg 

2 

1 

Left 1 

1 

Neg 

3 

2 

Left 2 

1 

Neg 

5 

4 

Left 3 

1 

* 

6 

5 

Left 4 

1 

t 

7 

6 

Left 5 

1 

Neg 

8 

7 

Right 1 

1 

Neg 

May 

1 

Match 

30 

Right 2 

Subcutaneous Rabbit 1 

3 

Neg 

9 

1 

Left 1 

05 

Neg 

25 

15 

Right 1 

75 

Neg 

April 

2 

24 

Left 2 

1 

Neg 

3 

25 

Left 3 

1 

Neg 

5 

27 

Left 4 

1 

t 

G 

28 

Left 5 

1 

Neg 

7 

29 

Left 6 

1 

Neg 

8 

30 

Right 2 

1 

Neg 

30 

52 

Left 7 

3 

Neg 


“Very slight injection of vessels, a milky fluid from inner canthns and a 
stickv, granular appearance of conjunctiva 

TSome swelling of conjunctiva at inner cantlius, injection of vessels equal 
m both eyes 

$ A very slight injection of vessels 

EXPERIMENTS 

To Determine it the Subcutaneous Injection or Tuberculin will Sensitize 
the Tissues or the Eye to the Tuberculin Precipitate, and if 
Eyes Which Had Already Been Instilled Would Show 
Any Inflammatory Reaction 

Three rabbits were used, Normal rabbit 3, an animal on which no work had 
been done, Normal rabbit 2, whose eyes had been tested (see sensitizing experi- 
ment) Intraperitoneal rabbit 4, whose eyes also had been tested ’(see conjunc- 
tival tuberculin tables) 
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As shown m the accompanying tables, the temperatures of these rabbits wore 
taken tin ee times a day foi three successive days, 0 1 cc of Koch’s old tuberculin 
was injected subcutaneously into each rabbit on the fourth day at 8 a m and 
temperatuies weie taken at 12, noon, and every two houis thereafter until 6 
p m and again at 8 a m of the ne\t day 


Date 

Apnl 

Time 

Normal 3 

Normal 2 

Intraperitoneal 

9 

2pm 

101 1 

101 0 

102 3 

9 

5 p m 

100 4 

101 2 

102 4 

10 

8 a m 

99 0 


103 2 

10 

12 m 

101 1 

101 1 

1013 

10 

5pm 

100 3 

100 2 

102 4 

11 

8am 

99 4 

100 0 

102 3 

11 

12 m 

100 4 

100 0 

103 2 

11 

5 p m 

102 0 

101 0 

104 0 

12 

Sam 

I/10cc tuberculin subcutaneously 

12 

12 m 

101 3 

100 0 

103 4 

12 

2pm 

102 1 

101 1 

104 2 

12 

4pm 

102 2 

100 1 

103 4 

13 

Sam 

1012 

100 1 

103 2 

During the foily-eight houis following the subcutaneous injection of tuberculin 
m normal inbbit No 2 and mtiapentonenl nbbit No 4 the conjunctival condi- 

tions were watched, but no change occurred 

The following table wall show, in 

the ease of the fust two animals, 

by how many days the 

various eye mstilla- 

tions pieceded the subcutaneous injection and, 

m the case 

of the third animal, 

the number of 

da vs intern emng 

between the 

subcutaneous injection and the 


\ ai ions tests 


Date Day 
Api 1 1 
2 11 

3 10 

5 8 

G 7 

7 6 

8 5 

12 1 


March 
30 14 

April 
8 5 

12 1 


12 1 

18 7 

30 19 

May 
2 21 
2 21 


Table or Results 
Normal Rabbit 2 
Instillation, Etc 

Instilled left eye, 1 per cent tuberculin precipitate 
Remstilled left eye, 1 per cent tuberculin precipitate 
Remstilled left eye, 1 per cent tuberculin precipitate 
Remstilled left eye, 1 per cent tuberculin precipitate 
Remstilled left eye, 1 per cent tuberculin precipitate 
Instilled right eye, 1 per cent tuberculin precipitate 
Subcutaneous tuberculin test 
No eye changes occurred 

Intraperitoneal Rabbit 4 

Instilled left 0 75 per cent tuberculin precipitate 

Instilled right eye 1 per cent tuberculin precipitate 
Subcutaneous tuberculin test 
No eye changes occurred 

Normal Rabbit 8 
Subcutaneous tuberculin test 

Instilled left eye, 1 per cent tuberculin precipitate 
Instilled right eye, 3 per cent tuberculin precipitate 

Scarification test 
Ointment test 


24 hrs 48 hrs 

Neg Neg 
Neg Neg 
See table Neg 
See table Neg 
Neg Neg 
Neg Neg 


Neg Neg 

Neg Neg 


Neg Neg 

N eg Neg 

Neg Neg 

Neg Neg 
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EXPERIMENTS 

To Determine if Tubercle Bacillus Toxin Injected Into Non-tuberculous 
Rabbits Will Cause These Rabbits to React to the Conjunctival 
Scarification and Ointment Tests 

Two rabbits, called Toxin Rabbit 1 and 2, each inoculated with 0 1 e c of the 
tubercle toxin mtraperitoneally 


Date 

Day 

No of Rabbit, Instillation, Etc 

24 hrs 

48 hrs 

Api il 


/ 



9 

1 

Inoculated 2 rabbits 





Toxin Rabbit 1 



10 

2 

Instilled left eye, 1 per cent tuberculin 

Neg 

Neg 

May 





1 

23 

Instilled light eye, 0 5 per cent tuberculin 

Neg 

Neg 

2 

24 

Scarification test (20 per cent Koch’s old tuber- 





culin) 

Neg 

Neg 

2 

24 

Ointment test (equal parts of tuberculin (TO) 





and anhydrous lanolin) 

Neg 

Neg 

6 

28 

Autopsy, see below 



Apnl 


Toxin Rabbit 2 



10 

2 

Instilled left eye, 1 per cent tuberculin 

Neg 

Neg 

May 





1 

23 

Instilled right eye, 0 3 per cent tuberculin 

Neg 

Neg 

2 

24 

Scarification test (Koch’s old tuberculin) 

Neg 

Neg 

2 

24 

Ointment test 

Neg 

Neg 

0 

28 

Autopsy, see below 




AUTOPSIES 

INTRAPERITONEAL RABBITS 

Rabbit 1, Mai ch 5, Ninth Day — Point of inoculation negative Abdominal 
cavity Five or six small tubeicles on liver, staining shows tubercle bacilli 
Two very small white masses on the mesentery also show tubercle bacilli, spleen, 
stomach, omentum, kidneys, postperitoneal and mesenteric glands normal There 
is an adhesion between the liver and stomach which is not very recent and prob- 
ably not connected with the tuberculous process Thoracic cavity normal 

Rabbit 2, Maich 12, Sixteenth Day — Point of inoculation shows a small 
tubeicle, staining shows tubercle bacilli Abdominal cavity Extensive tuber- 
culosis of the omentum and mesentery Liver and spleen greatly enlarged and 
many tubercles scattered throughout the organs Postperitoneal and mesenteric 
glands not enlarged, smears from liver, spleen, omentum and mesentery positive 
for tubercle bacilli Thoracic cavity normal An interesting anomaly m this 
rabbit is a transposition of the abdominal viscera 

Rabbit S, Maich 20, Ticenty-fourth Day — Point of inoculation shows a small 
tubeicle m both the skm and peritoneum Smears positive for tubercle bacilli 
Abdominal cavity Intense injection of omentum and mesentery with small tu- 
bercles Smears positive for tubercle bacilli Mesenteric glands enlarged and 
show tubercle bacilli on staining Spleen normal in size with a very few tuber- 
cles Smears from both organs positive for tubercle bacilli Thoracic cavity A 
feu slight pericardial adhesions, smears negative for tubercle bacilli Lungs 
and pleura normal, smears negative for tubercle bacilli 
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COMPARISON OF TUBERCULIN TESTS 


Rabbit J h Apttl 16, Fifty fust Day — Rabbit died Point of inoculation shows 
a large cheesy tubercle, smeais positive for tubercle bacilli Abdominal cavity 
Omentum contracted and massed together by tuberculous adhesions, mesentery and 
parietal peritoneum contain enormous numbers of tubercles, mesenteric and post- 
perxtoneal glands enlarged, liver and spleen attached to stomach by adhesions and 
studded with tubercles, both are greatly enlarged Kidneys swollen and con 
gested Smears from all these organs except the kidneys are positive for tubercle 
bacilli Thoracic cavity A few tubercles throughout the right lung and in the 
light pleura Smears positive for tubeicle bacilli Left lung and pleura normal, 
heart normal, thoracic glands normal 

Subcutaneous Rabbits 

Rabbit 1, May 5, Sixty fourth Day — A large partially broken down mass at 
the seat of inoculation No appreciable enlargement of the subcutaneous glands 
Abdominal cavity negative Thoracic cavity Both lungs and pleura and pen 
caidium studded with tubercles, smears positive for tubercle bacilli, substernal 
glands swollen, smears from which show tubercle bacilli, extensive pericardial 
adhesions 

Rabbit 2 — Abscess which formed at the seat of inoculation discharged, leaving 
a partially healed ulcer A chain of enlarged glands runs from this point (the 
left side midway between the front and rear legs) to the axilla Axillary glands 
enlarged These glands all show tubercle bacilli in smears Abdominal cavity 
negative Thoracic cavity shows a slightly more extensive involvement than in 
rabbit No 1 of this series 

Rabbit 8 — A large partially broken-down tuberculous mass at seat of inocula- 
tion No subcutaneous glandular involvement Abdominal cavity negative 
Thoracic cavity A few tubercles in the lungs, pleura practically free Peri 
cardium normal, substernal glands enlarged and contain tubercle bacilli 

Rabbit 1/ — Cutaneous appearance the same as No 3 of this series Abdominal 
cavity A few white nodules not suggestive of tubercles on the right kidney, 
smears negative for tubercle bacilli Thoracic cavity A slightly more extensive 
involvement of the lungs than No 3 of this series Substernal glands slightly 
enlarged Pericardium normal Smears fiom lungs and substernal glands show 
tubercle bacilli 

Intrathoracic Rabbits 

Rabbit 1 , March 25, Thirteenth Day — The needle at inoculation passed through 
the lower point of the thoracic canty, through the diaphragm into the abdominal 
cavity There is a tubercle at the skm entrance, pleura and diaphragm all posi 
tive for tubercle bacilli Abdominal cavity The omentum and mesentery m 
volved to about the same extent as mtraperitoneal rabbit No 2 The mesenteric 
elands enlarged and positive for tubeicle bacilli The postpentoneal glands nor 
mal Liver shows many tubercles along anterior edge, the posterior and subsur- 
face are comparatively free, smears positive for tubercle bacilli, spleen macro 
seopically normal Smear negative for tubercle bacilli Thoracic cavity normal 
Sections of lung tissue negative Smears from lungs negative for tubercle bacilli 

Rabbit 2, April 16, Thirty fifth Day — A cutaneous and pleural tubercle at 
p omt of inoculation Smears positive for tubercle bacilli Lungs m an advanced 
state of tuberculosis, cavities m both apices Pleura and pericardium extensively 
involved, substernal glands only slightly enlarged, but show tubercle bacilli on 
staining Smears from all mentioned organs positive for tubercle bacilli Ab- 
dominal cavity negative 
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Rabbit 8, Apnl 8, Twenty-seventh Day — The needle m this rabbit, at inocu- 
lation, did as m No 1 rabbit, and there is extensive tuberculosis of the organs in 
both the thoracic and peritoneal cavities As is shown m the accompanying table, 
this rabbit died without any conjunctival tests having been done 

Rabbit 4, May 5, Fifty-foui th Day — A large tubeicle at point of inoculation, 
smears positive for tubercle bacilli Abdominal cavity negative Thoracic cav- 
ity Left lung shrunken and attached to pleura posteriorly, studded with tuber- 
cle Same right lung, a large cavity m apex Pleura and substernal glands 
extensively involved Smears positive Abdominal cavity negative 

Intravenous Pabbits 

Rabbit 1, Maich 26, Eleventh Day — A small tubercle at point of inoculation 
m left ear Smears positive for tubercle bacilli Beginning tuberculosis of lungs, 
liver and spleen No appreciable glandular involvement at any point 

Rabbit 2, April 10, Twenty-sixth Day — A large tubercle at point of inocula- 
tion m left ear with a few glands at base of ear General miliary tuberculosis 
involving the lungs, pleura, pericardium, substernal glands, liver, spleen, omen- 
tum, peritoneum, mesentery, postperitoneal and mesenteric glands 

Rabbit 8, April 14, Thutieth Day — Died Autopsy picture practically the 

same as intravenous rabbit No 2 

Rabbit 4 , May 5, Fifty-fiist Day — A large tubercle m left ear at point of 
inoculation, extending down to base and involving the glands in this region 
Abdominal cavity negative Thoracic cavity negative, except foi an early tuber- 
culosis of both lungs We evidently did not enter the vein in this rabbit at the 
time of inoculation 

Normal Rabbits 

Rabbit 1, May 6 — Normal throughout, except foi a few tubeicles in left lung 
Smears from lung positive for tubercle bacilli 
Rabbit 2, May 6 — Normal 
Rabbit 8, May 6 — Normal 


Toxin Rabbits 

Rabbit 1, May 6 — Normal 
Rabbit 2, May 6 — Normal 

1822 Spruce Street, 1805 Spruce Street, 6504 Geimantown Avenue 



ACIDOSIS AND ASSOCIATED CONDITIONS 
JAMES EWING 
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( Concluded fiom page 35Jj ) 


II PHYSIOLOGIC CHEMISTRY OF ACETONE COMPOUNDS 

The significance of acidosis must eventually be determined by the 
cliemistiy and physiology of the substances m question The enormous 
quantities of acetone compounds found m diabetes aie of much mfei est, 
but they may be of no moie importance foi the symptoms of the disease 
and no closei mde\ of its nature than is the enormous excretion of sugar 
We believe that sugai is neither dnectly noi indirectly a toxic agent m 
diabetes, but the doctune of acid intoxication supposes that the acetone 
compounds aie dnectly responsible for some of the most staking symp- 
toms Indeed, if this doctrine is accepted m its entnety most of the 
serious symptoms of the disease must be connected with these substances 
As the direct study of diabetes has not succeeded m fully establishing 
the position of acid intoxication, new light must be sought m the chem- 
istry and physiology of the acetone compounds and m the geneial occur- 
rence of acidosis 

The Soukces oe Acetone Compounds 

That a close relation exists between acetone, aceto-acetic and beta- 
oxybutync acids is seen m their chemical constitution 


CI1 3 

ch 3 

l 

ch 3 

1 

1 

CHOH 

1 

CO 

1 

CO 

I 

OH, 

| 

1 

CHo 

1 

ch 3 

! 

GO OH 

j 

COOH 

Acetone 

Beta-oxybutyric acid 

Aceto-acetic acid 


It is shown also by the readiness with which acetone may be derived 
from beta-oxybutyric acid m the test-tube, by the appearance of diacetic 
acid and acetone "m the urme when beta-oxybutvric acid is administered 


- The Cartwright Lectures for 1908 of the Alumni Association of the College 
of Physicians and Surgeons, delivered at the New York Academy of Medicine, 
March 25, 27 and 30, 190S 
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to animals, and by the frequent association of all three acetone com- 
ponnds m the mine 

Mmkowski m 1869, distilling a dilute solution of beta-oxybutync 
acid oxydized hy potassium bicln ornate and sulphuric acid, obtained 
acetone, and he concluded that m man this acid was the forerunner of 
acetone Diacetic acid is readily transformed into acetone at 100 de- 
giees C Minkowski fed 1 beta-oxyhutync acid to a diabetic dog, Meyei 
gave it to healthy men, and Waldvogel and Magnus-Levy to diabetic 
patients, and m each case there was an increase of acetone or diacetic 
acid m the urine These results have often been verified Characteristic 
of the occurrence of acetone compounds is the fact that acetone, diacetic 
acid and finally beta-oxybutvnc acid appeal m order as the disease m- 
ci eases m seventy and disappear m the reverse order as the disease 
improves There is thus abundant evidence of the close relation between 
these three substances, justifying the use of the expression “acetone 
compounds,” and indicating that they all have a common source m the 
body Yet there are other modes of origin of acetone besides the direct 
denvation fiom oxvbutync acid, and seveial discrepancies exist between 
this theoiy of origin and the occunence of acetone bodies m the urine, 
so that the exclusive origin of acetone from oxybutyric through diacetic 
acid can not be regaided as satisfactory proven 

Relation to Carbohydrates 

Tbe old clinical impression that acetonuna resulted from fermenta- 
tion of caibohydrates in the intestine was supported by the appearance 
of acetone m the test-tube when various carbohydiates were split up m 
the piesence of alkalies (Fremy) 

It has also seemed possible that the diabetic acetonuna may result 
lioni destiuction of sugar or other carbohydiates of the body, since 
Hailet found acetone and diacetic acid m the blood of dogs after injec- 
tion of glucose and ligation of the ureters, and derived both those sub- 
stances from sugar Yet Pflugei regards the production of acetone from 
sugai m diabetes as far fiom proved, and it is obvious that Harley’s ex- 
penments are not necessarily binding for diabetes 

That any considerable formation of acetone from carbohydrates oc- 
cuis m human disease was rendered very unlikely by the discovery by 
Ho^enfeld and Hirselifeld that carboh) drate-f ree diet induces marked 
acetonuna, and that m diabetes the withdrawal of carbohydrates may 
cause a large increase m acetone output which diminishes on the restora- 
tion of carbohydrates to the diet On the other hand, m certain cases 
of diabetes m which the glycosuria has been reduced, the ingestion of 
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caibohydrates increases both sugar and acetone (Waldvogel, p 75) In 
diabetes and some other pathologic conditions the acetone of the uune 
greatly exceeds that of the breathy while m the dietetic acetonuna of 
noimal subjects excretion by the breath usually exceeds that of the urine 
and may icach 70 pei cent of the total (Schwarz) It is a curious effect 
of carbohydrates that they tend to mciease the proportion of acetone 
eliminated by the bieath and to decrease that of the urme, thus trans- 
ioimmg the pathologic into a so-called physiologic condition 

Caibohydiates vary m their capacity to influence acidosis In starva- 
tion Joins asserts that he has observed that starch increased the acetone, 
but that sacchaiose, and, to a much less extent, glucose decreased the 
total acetone exaction, while glycomc acid diminished the acetone of the 
bieath while mci easing that of the mine The striking benefit m dia- 
betes obtained by von Nooiden and others, and recently by Herrick, from 
the use of oatmeal and othei carbohydrates, suggests that the diabetic 
organs may lose the capacity to burn one carbohydrate while retaining 
command over others Yet the lesults of the oatmeal diet m diabetes 
have been very conflicting, and the exact cause of the impiovement m 
such cases is not certainty known 

The marked antiketogenic influence of leuilose noted by Mohi and 
Loeb has also been applied m the treatment of diabetes According to 
Hirschfeld, at least SO gm of caibohydiate must be taken daily to pre- 
vent the occurrence of dietetic acetonuna, but the obseivations are 
haidty sufficient to establish any definite rule 

Two hypotheses have been suggested to account foi these obseivations 
1, that the burning of carbohydrates facilitates the combustion of acetone 
compounds, and, 2 that the piesence of carbohydrates spares the body 
fats and thereby stops the formation of acetone compounds 

Waldvogel is the chief exponent of the new that carbohydrates merely 
prevent the burning of fats, and m a detailed consideration of various 
forms of acidosis he was able to show rather clearly that acidosis usually 
begins with the burning of body fats In phloridzimzed dog acidosis 
begins after the liver has consumed its glycogen and has begun to call 
on the fats and proteins for energy, and here feeding protein as well as 
carbohydrate reduces the acidosis (Baer, Blum) It thus appears that m 
dogs acidosis will not arise as long as theie are available carbohydrates 
anywhere m the body 

Yet this fact does not piove for human acidosis that the carbohy- 
drates merely leplace the fat, although it is true that carbohydrates are 
more readily burned m health than are fats If the carbohydrates merely 
replaced fat, then there should be a quantitative relation between the 
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amount of sugar needed and the degree of acidosis (fat consumption) to 
be combatted But, as von Hoorden shows, no such relation exists, since 
100 gm of glucose, equivalent to 30 to 35 gm of fat, promptly obliter- 
ates most traces of acidosis after meat fat diet, and the acidosis does not 
i ecur when muscular exertion raises the consumption of fat, as he sup- 
poses, above its foimer level Satta shows that comparatively small 
amounts of carbohydrate suffice to prevent acidosis, while much larger 
quantities are needed to reduce it uhen once established Hence it ap- 
pears that the burning of carbohydrates facilitates the normal and com- 
plete combustion of fats, as though the oxidation, more readily estab- 
lished m carbohvdrates, was communicated m some way to the fats 
Mohi supposes that the carbohydrates, which are rich m oxygen, yield 
nascent oxygen within the cells and thus directly consume the fats, but 
there appeals to be no definite chemical ground for this opinion Whether 
the carbohydiate prevents the formation of acetone compounds or facili- 
tates then combustion when foimed is not known 

Accoidmg to Satta, the formation of acetone compounds is the result 
of a specific disturbance of fat combustion resulting, like the excessive 
formation of ammonia and increase of uric acid, from injury of organ 
cells In pneumonia acetone production continues m spite of added cai- 
bohydrates, increases with the fever, and subsides when the ge neial con- 
dition impioves Mohr traces this result to the slower combustion of cai- 
bohydiates In diabetes Mohr and otheis believe that tlieie is a qualita- 
tive distuibance m fat combustion connected with the failure to utilize 
eaiboliydrates, so that from a given quantity of fatty acids more acetone 
compounds lesult than m noimal metabolism 

It was thought that fuither light on this subject might be secured by 
testing the effects on acidosis of rectal and subcutaneous injection of 
sugar J Mullei, Schumann-Le Clercq and Waldvogel got no influence 
iiom sugar so administered, but Satta secured results as good as with 
admimstiation by mouth 

While these and other related questions still await solution, at present 
it appeals that in addition to fat and piotem sparing action, a certain 
amount of carbohydrate combustion is necessary for the normal processes 
of metabolism and that when the carbohydrate is deficient metabolism is 
chstuihed m various v ays, one of which is an abnormal and incomplete 
combustion of fats An interesting suggestion m this much debated 
field comes from Packard, who finds that Fundulus embryos, maltose, 
levulose and glucose mciease resistance to lack of oxygen, acting, accord- 
ing to this observer, as depolarizers in the process of protoplasmic respi- 
ration and enabling this process to go on to some extent m spite of the 
back of oxygen 
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Relation of Acetone Compounds to Rats 

AA bile the final pioof that acetone compounds may bo denved from 
fats in the test-tube has been leserved foi recent workei s, it was shown 
hi Cotton that lats on oxidation jield acetone, and it was partiall 3 r 
proved b) Rchrcibei that beta-oxybntyric acid appears when butter is 
warmed with potassium permanganate and alkali The butter, however, 
contained tiaces of protein, as veil as butyric acid 

Geelmnv den first observed a maiked mciease of acetone m healthy 
men fed on butter, and his observations formed the beg inn ing of the 
present extensive clinical data by which the origin of acetone from fats 
has been pi oven Having m mind the fact that acetone excretion m 
man> cases is not accompanied by excessive destruction of proteins, and 
accepting the clear indication that acetone is not denved fiom earbo- 
hydzates, Waldvogel saw no other souice foi the acetone compounds 
than the fats, and u ith nagenberg he demonstiated a definite increase m 
acetonuiia by feeding olive oil to fasting subjects and diabetics, and by 
adding butter and olive oil to full mixed diet of normal subjects Many 
exceptions to tins ketogemc action of fat were found to be due to personal 
peculiarities of the subject, to the amount and character of the food 
m the intestine, and especially to the ieadme c s with which the fats were 
absorbed 

In these earlier expenments much confusion arose from failure to 
take account of the antiketogenic effects of the carbohydrates It was 
found that the mciea=e of acetone m patients on mixed diet was not 
constant and never marked, seldom exceeding 100 mg per diem One of 
the disturbing factors was shown by Geelmuyden to be the carbohydrates 
of the food while Schwarz found that administration of 150 gm of 
glucose caused a prompt disappearance of acetonuna in a patient who 
showed acidosis from a meat-fat diet On such a diet free from carbo- 
hydrates more pronounced grades of acidosis occur Gerhaidt and 
Schlesmger each subsisted on meat and fat for eight days Acetonuna 
appeared on the second day, diaeetic acid on the thud day, and beta- 
oxy butyric acid in considerable amounts on the fifth and seventh daj r s 
Yet even here the presence of protem m the food diminishes the keto- 
plastic action of iat, since acetonuna increases as the albumin of the food 
is decreased (Rosenfeld) This result may he refeired to the action of 
carbohydrate radicles m protein and to its general fat-sparing influence 
(Geelmuyden) Hence it appears that the ketogemc influence of fats 

can be satisfactorily studied only m fas ting subjects 

A third disturbing factor of importance was pointed out by Joslm 
m the variable absorption of fats, a source of error winch previous 
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obseiveis had laigely overlooked It was found by Hnschfeld that, of 
the components of fat, glycerin is strongly antiketogenic, and Hagenburg 
and Joslin showed that neutral fats are not ketogemc, probably because 
of their glycenn content, and that the ketoplastic action of fats mci eases 
with their content of free fatty acids The failuie of palmitic and 
stearic acids to increase acetone, as noted by Schwarz, Joslm attributes 
to then failure to be absorbed, while oleic acid which is readily absorbed 
is markedly ketoplastic Butyric acid he found inert m a healthy fasting 
subject 

In diabetics various forms of fats have been found to mciease acidosis, 
as butter, olive oil, bacon, cieam Sodium butyrate greatly increased 
the acetone m a case of Schwarz Yet Magnus-Levy gave a mild diabetic 
20 gm of beta-oxybutync acid m thiee hours and the urine failed to 
yieJd any acetone compounds Loeb and Mohr found a general parallel 
between the amount of fats taken by diabetics and the excretion of beta- 
oxybutync acid On giving a diabetic 50 gm of water-free butyric acid 
theie was an increase m the beta-oxybutync acid excreted of 19 5 gm 

It is obvious that the above observations have a practical bearing both 
on the regulation of diet m acidosis and on the interpretation of the 
signs of acidosis The lower fatty acids, butyric, caproic and isovaleric, 
aie so readily, convei ted into beta-oxybutync and vield relatively such 
laige amounts, as shown by Schwarz, that it seems highly desirable that 
these acids should be excluded from diabetic diet 

According to Schwarz, the ketogemc action of fats m seveie diabetes 
is vei) little influenced by caibohydrates and increases with the loss of 
the capacity of the body to burn carbohydrates and fats In a case of 
diabetes, m which the patient received 200 gm of beef fat daily for three 
days, Schwaiz saw dyspneic coma develop, and Waldvogel details a case 
m which fatal coma developed after a period m which the diet contained 
100 gm of butter pei diem 

An interesting experiment bv Satta indicates that the grade and char- 
acter of acidosis do not vary whether the patient burns his own or ingested 
fat, since two subjects, one on a meat-fat diet, the other fasting, began 
to excrete beta-oxybutyric acid on the first and second days, the total 
excietion aveiagmg 7 89 gm and 7 85 gm daily over the three or four 
dais of obseivation Yet m the fasting subject the acidosis increased 
lathei nioie lapidlj Allard found that the introduction of fast days m 
the couise of diabetes caused a maiked reduction of acetone lasting sev- 
eral davs, an observation that shows that acetone compounds are rapidly 
produced from ingested food 
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Willie the above clinical experiments stiongly impiessed the belief 
that fats aie the duel somce of acetone compounds, this opinion has 
long la cl cd a needed confirmation Xiom the inability to trace the steps 
thiongli u Inch fats become convex fed into acetone compounds This 
deficiency has been Iaigely met by Ivnoop, vho has shown that fatty 
acids aie attacked hj r oxidation at the beta-caibon atom, and that, accoid- 
lim to this mle, ceitam fatty acids aie leadily oxidized m the body to 
the acetone senes Knoop executed the plan of attaching the benzol 
nng to vanous fatty acids to facilitate then identification and then 
determining then fate m fasting dogs In this way he was able to arrest 
the oxidation at ceitam points so as to determine the steps m the process 
If the fatty acid attached as a side chain to the benzol ring contains 
only two carbon atoms, as phenyl acetic acid, C c H 5 CH,C00H, these 
can not be split off and such compounds pass tlnough the bod} unaltered 
If the chain contains tlnee or four caibon atoms these can be split off, 
but only m groups of two Thus 

Cinnamic acid, C c n o CH=CHCOOH, yielded C c H B COOH 
Plien}l butyric acid C 0 H-CH 2 C1I„CH ,COOH, yielded 

c 0 it 5 ch'co6h ’ 

Phenyl valeric acid, C c H 5 CHXH„CH,CH 2 C00H, yielded 

c c h.co6h 

On the other hand, phenylalanm, C c H-CH 2 CHlSrH CO OH, was 
completely burned, the benzol ring being split up Phenyl lactic acid, 
C c H 5 CH 2 CH0H CO OH, and some other benzene compounds were also 
split up, but the conditions determining the combustion of the benzol 
ring have not been defined 

Knopp’s beta-carbon oxidation theory has revealed for the first time 
a de fini te rule governing the oxidation oi fatty acids, and if his deduc- 
tions are valid then it should become possible to predict from their chem- 
ical constitution which acids will prove ketogenic In order to yield 
beta-oxybutyric acid a normal fatty acid must contain at least four 
carbon atoms It must contam an even number of carbon atoms m 
order to follow the rule of beta-carbon oxidation, with splitting off 
of the carbon atoms in groups of two Thus normal valenc acid 
(CH 3 CH 2 CH 2 CH 2 C00H) does not yield beta-oxybutync acid, while 
eaproic acid does (CH 3 CH 2 CH 2 CH 2 CH 2 C00H) (Schwarz) 

The theoiy has already been tested to some extent Em b den, by per- 
fusing excised organs with aerated blood, has found that the liver is the 
cole organ producing acetone under these conditions Perfusion throng u 
Juno-, muscle or kidney failed to give acetone (Embden, Kalberlah) 
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He, theiefoie, located m the livei the chief function of acetone pioduc- 
tion m the body 

Embden, Salomon and Schmidt, perfusing through the excised livei 
aerated blood containing vanous fatty acids, obtained lesults which 
show that the lule of beta-carbon oxidation does not apply m the case 
of blanched fatty acids or ammo acids Thus leucm and isovalenc acid 
gave mci eased acetone while ammovalenc acid and lsobutvl acetic did not 

CH 3 CH. 

Yet isovalenc acid, CIT can not give beta-oxybutync acid by oxida- 

CHo 

COOH 

tion at the beta-caibon atom Baei and Blum obtained similai 
results, conflicting with this theory Administering fatty acids to 
diabetics, they found that isovalenc acid, leucm, tyrosm, and phenjd- 

CH S 

CH 2 

alanm weie ketogemc, while noimal valenc acid, CH., and isobutvnc 

CH. 

COOH 

CH 3 CH 3 

acid, CH weienot 
COOH 

Boicliaidt and Lange seem to have tlnown needed light on the subject 
b\ pointing out that thiee lules govern the foimation of beta-oxybutync 
acid fiom fatty and ammo acids 

1 Blanched fatty acids yield beta-oxybutync acid through the 

leplacement of the methyl gioup (CH 3 ) by hydioxyl Example 
Isovalenc Oxjbutryic 

acid acid 

CH 3 ch 3 CH 3 OH 

CH = CH Schwarz, Emden, and Baei and Blum, all 
CH. CH, 

COOH COOH 

found isovalenc acid ketogemc 

2 Derivatives of fatty acids and proteins, including ammo-acids, may 
be split up by oxidation at that carbon atom at which one H is replaced by 

Ammovalenc acid Butjwic Oxybutync 

CH 3 acid acid 

CH. CH 3 CH 3 

some othei gioup Thus CH. = CH. = CHOH Here oxid- 

CHNH. CH. CH. 

COOH COOH COOH 

aiion oecuis at the alplia-caibon atom, and since ammo-acids of this type 
constitute the bulk of most proteins this rule mav explain the possible 
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ketopla«dic influence of manv piotems 
iso^ alone acid to beta-oxi butyric acid 

Leucm Isovalene acid 

cn, car, ch, ch, 
ch ch 

ch 2 = ch, 

GHNH. COO H 

COOH' 


Thus leucm passes though 

Oxybutyne acid 
CH 3 OH 
CH 

= CH, 

COOH 


3 Noimal siiaight-cham fatty acids follow Knoop’s lule of beta- 
caibon oxidation, and ther yield beta-oxybutviic acid onl} r when they 
contain at least four and an even number of carbon atoms Butyric and 
oapioic acids yi eld beta-oxvbutric acid 


Butyric acid 

CH CH, 

cir. cnon 

CH, = CH, 
COOH COOH 


Normal ralei ic acid , however 
caibon atom 

Normal valeuc acid CH, 

CH, 

CH, 

CH, 

COOH 


Capioie acid 
CH, 

CH, CH, 

CH, = CHOH 
CJT, CH, 

CH, COOH 

COOH 

is not kefcogenic, oxidumg at the beta- 


How far these rules may explain the behavior of other fatty acids 
which have not been directly tested, and especially then application to 
moie complex Cat and piotem denvatives, remains for futuie studies to 
deteimme So far as I can learn these rules coyer the observed facts 
Manv of the obscurities m the woikmg out of Ivnoop’s theoiy aie 
missing m the direct demonstration by Dalnn of the steps of oxidation 
of butyi ic acid m the test-tube under the influence of pero xid of 
hydi o gen The eonvincmg quality of Dakin’s work consists m the direct 
isolation fiom the pioducts of oxidation of butvnc acid of a number of 
substances which when anangod m their necessary series reveal the steps 
which the process has taken Assuming that the higher fatty acids when 
biealdng down xeach the stage of butyric acid by the rule of beta-carbon 
oxidation Dakin isolated fiom the further oxidation of butyi ic acid the 
following substances aceto-acet3c acid, acetone, propionic aldehyd, 
acetaldehyd, acetic acid, formic acid and caibon dioxid Fiom these 
data the following senes of changes has been xeconsti acted bv Dakin 

" i 


t 
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DERIVATION OE ACETONE EROM BUTYRIC ACID — DAKIN 


ch 3 ch 2 ch 2 cooh 

Butyric acid 

CH a CHOH CH 2 COOH 
Beta-oxybutync acid 


CH 3 CO OH, COOH 

Diaeetic acid 

CH 3 CO CH 3 +CO 0 

Acetone 


0H 3 CHo CHOH COOH 
Alpha-oxybutyric acid 


CH 3 CHO-H OH, OH, CH0+C0o+H,0 


Acetaldeliyd 


propionic aldehyd 


CH 3 COOH 

Acetic acid 


i ( — 

H COOH-f C0 2 -f H 2 0 

Bonnie acid 


CH 2 CHo COOH 
Propionic acid 

CH, COH-f CO 0 +H 0 O 

Acetaldeliyd 


CH 3 COOH 


CO,+HoO 

Accoidmg to this scheme butyric acid under these conditions suffeis 
oxidation at both alpha- and beta-carbon atoms, m the former case yield- 
ing acetone compounds, m the latter case passing through a longer senes 
of steps, possiblv including lactic acid, but eventually leaching complete 
oxidation with avoidance of the acetone stage This conception of the 
biealang up of fatty acids applying equally to the ammo-acids, opens up 
seveial lines of speculation It would appear to be a matter of con- 
siderable consequence whethei oxidation occurs at the alpha- or the beta- 
caibon atom, since m the former case the piocess becomes arrested at the 
acetone stage, while m the latter case, passing, as Dalan believes, thiough 
lactic acid, the process is carried to completion Much importance may 
tlieiefoic attach to the decision whether oxidation shall occur at the less 
favoiable beta-caibon atom or m the moie propitious alpha position 

The significance of Dakin’s woik must eventually depend on the 
\ ability of leactions m the test-tube foi piocesses occurring m the bodi 
It is pointed out that similai products of protein decomposition result 
f 10111 the action of bactena and 3 easts Yet li3 r diogen peioxid does not 
act m the bod3, and even m the test-tube ifc behavior is easity influenced 
Shafiei has shown that unc acid is rapidly broken up m the test-tube 
b\ lndrogen peioxid but on the addition of a little of the enjwme katala^e. 
lndiogen peioxid is piompth split up and the uric acid lemams un- 
altered 
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At pie^eni ve must be content to learn that such a series of changes 
as Dakin constiucts is a possibility, while leaving to the futuie to decide 
its beai mg on vital piocesses 

Relation to Prof fans 

Tlie possibility of obtaining acetone fiom pioteins in the test-tube 
seemed to have been pioved by Cotton by digesting fibrin and casein with 
peio.Md of hydrogen, and by Blumenthal and Yeuberg by heating gelatin 
uith ferric salts and poroxid of liydiogen, while Orglei m the same man- 
nei obtained acetone horn crystalline c£?g albumin 

The clinical observations pointing to the derivation of acetone com- 
pounds from piotems relate chiefly to diabetic acidosis The well-known 
fact that diabetics respond to meat-iat diet with increased acetonuna 
vas long accepted as proof of the piotem ongm of acetone, and it still 
remains a question whether, under these conditions, much of the acetone 
m diabetes is not the result of piotem metabolism The acetonuna fol- 
lowing withdrawal of carbohydrates w as also mterpieted m the same 
dnection 

On the othei hand, cases of diabetes weie obseived, two of which 
weie caiefully lepoited by Wemtraud and by Magnus-Levy, m which 
with nitrogen equilibrium, laige amounts of acetone compounds were 
evcieted ovei long periods Further, Ilirscli fold, Palma, and Waldvogel 
showed that theie was usually no parallel between nitrogen and acetone 
exrietion, and m thiee cases Hnschfeld found Jess acetone with rich 
than with low protein diet When, m addition to these well-attested 
observations, the fat and piotem sparing influence of carbohydiates be- 
came recognized, and the pronounced ketoplastic action of ingested fats 
had been subjected to experimental control the importance of proteins 
as a source of acetone appeared to be greatly reduced 

Yet several recent studies show that ammo-acids are readily converted 
into acetone compounds both m the organism and m the test-tube 

Baer and Blum obtained increased acetonuna m diabetics fed with 
leucm, and Borchardt and Lange demonstrated the ketogemc influence 
of these substances m healthy subjects on carbohydrate-free diet By 
perfusing excised livers with blood containing leucm or ammonium xso- 
valerate, Emblem, Salomon, and Schmidt secured considerable amounts 

of acetone 

In the test-tube Dakin warmed leucm , alamn, and glycerol with 
neroxid of hydrogen and traces of fenons sulphate and, among the prod- 
ucts obtained traces of acetone Fiom leucm the products isolated were 
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isovaleiic aldehyd. isovaleiic acid, acetone, ammonia, caibon dioxid and 
probably lsobntync acid, some of winch have been obtained fiom the 
action of bacteria on leucm From these substances the following senes 
of changes from leucm conld be reconstiucted 


DERIVATION" OF ACETONE FROM LEUCIN — DAIvIN 


CH S \ 

CHj/ 


CH CH, CHNH, CO OH 


Lencm 


CHj\ 

ch 3 / 


CH CH. CHO+NH.+CO, 
Isovaleric adelliyd 


ch 3 \ 

ch 3 / 


CH 


ch 2 cooh 

\ 


Isovaleiic acid 

JS 3N >ch CHOH COOH 

Kj\A z / ^ 

Alpha-oxyisovalerie acid 


\ 

ch - 2 cooh 
B eta-oxyisovaleric acid 


^>CHCOOH' 
Isobutyi lc acid 



CH 3 CO CH 3 -j-CO ,+h 2 o 


Acetone 

Hot all ladicles of the protein molecule seem to produce acetone, at 
least m the animal body In fact, it is clear that proteins, like fats, con- 
tain antagonistic groups as regards acetone formation Some indication 
of the nature of these antagonistic radicles may be obtained from an 
inspection of the various protein denvatives whose 1 elation to acetone 
foi mation has been tested 


KETOGENIC RELATIONS OF PROTEIN DERIVATIVES 


KETOGENIC 


Leucm 

Argmm 

Aminoi alerie acid 
Isovaleric acid 
Beta-aimnobutyrie acid 
Nutrose, casein (in diabetes) 
Protamm 
Histon 


Boi chardt. Lange 
Borchardt, Lange 
Borchardt, Lange 
Baer, Blum 
Sternberg 
Luthje 
Borchardt. 
Borchardt 
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^S5 albumin Boichaidt 

Thyroid Waldvogel 

Sodium butyi ato Schwarz 

Sodium acetate Satta 

Butyric acid (m diabetes) 'Loeb, Mohr 

Ovybutjric acid (in diabetes) Loeb, Mohr 


antiketogenic 


Alarnn 
Lactic acid 
Aspargm 
Glutanc acid 
Glycerin 

Sugars, saccharose, glucose, 
manmte 
Alcohol 


Satta, Borchardt, Lange 
Satta, Boichardt, Lange 
Satta, Borchardt, Lange 
Baer, Blum 
Ilirschfeld 

maltose, 

Hu sclifeld 
Heuberg 


NEGATIVE 

Gl3’cocol], glutaimnic acid, glycolic 

acid, acetic acid Boichaidt, Lange, Baei, Blum 


In the above lists it is evident that the antiketogenic substances belong 
m geneial in the eaibohydrate class 

Among the ketogenic substances aie fatty acid derivatives, certain 
monammo-acids, and more complex piotew compounds The bebavioi 
of the ammo-acids and the complex protein compounds presents some 
obscuie feature^ While pure leucm and ammovalenc acid are ketogenic, 
the study of the influence of piotem foods containing these acids shows 
that such foods are relatively antiketogenic, and m dnect proportion to 
then content of monammo-acids Borchaidt finds that piotamm, luston, 
egg albumin, pancreas and casein contain monammo-acids increasing m 
the order named, and that m healthy subjects showing acetonuna from 
carbohydrate-free diet protamm markedly increases acetone, while casein 
1 educes it Likewise Kosentlial finds that meat, casein, egg albumin, 
and thymus, added to rich protein diet, all increase acetone, but the 
increase is least with casern which contains the highest proportion of 
monammo-acids It is, theiefoie, necessaiv to suppose that proteins 
contain antiketogenic as well as ketogenic radicles 

Ceitam antiketogenic radicles of proteins are not difficult to trace, 
QmC e they appear m the carbohydrate reactions which have long been 
leeogmzed and are divided among the hexoses and pentoses, etc In egg 
albumin Muller and Seeman estimate that 20 per cent of the carbon is 
m the form of radicles with carbohydrate tendencies 

The position of the monammo-acids m this respect is uncertain The 
fact that in puie form leucm is ketogenic shows that these acids act 
as sources of acetone Yet the relatively antiketogenic influence of pro- 
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terns rich m monammo-acids indicates that m then natural lelations 
these acids tend to act more like carbohydrates and reduce acetone Pos- 
sibly m different conditions they may turn m either direction 

The following table fiom Rosenthal exhibits these general relations, 
showing that the higher the glycogen-producing quality and the content 
of monammo-acids, the less is the production of acetone 


Ketogenic Relations of Proteins on Rich Protein Diet — (R osenthal) 


Piotem 

substance 

bleat 

Casein 

Egg albumin 
Thymus 


Glycogen Monammo-acid N Acetone 

founang capacity Kossel-Kutschei excretion 

Abundant Rich 899 mg 

3 09 % 53 70 % 1113 mg 

1 97 % 50 40 % 1498 mg 

0 284 % 26 88 % 1863 mg 


In diabetes the influence of these proteins will depend on the extent 
to which caibohvdrate combustion is lost Thus Lutlrje found that calf 
thymus, poor m monammo-acids, leduced diabetic acidosis, while casein, 
nch m these acids, usually increased the acidosis Here the monammo- 
acids appear to be ketoplastic Theie is, theiefoie, evidence indicating 
tli at leucm acts differently m diabetes and m health, and that its be- 
havioi when given m puie form may vary from that observed when it is 
administered m the whole piotem 

The woik m this field leaches a practical bearing m the choice of 
protein foods which mar inhibit acidosis It is well known that the 
vanous proteins, especially those of vegetable ongm, differ enoimously m 
their content of monammo-acids Quantitative analytic methods for this 
woik are not yet fully available, but the contributions of Fischer, Mullei, 
Hausmann, ICossel, Abderhalden, Osborne and Baiker leveal from this 
standpoint a new outlook for rational dietetics It is known that the 
common meats do not differ gieatly m monammo-acids, which constitute 
60 to 66 per cent of these proteids, but m thymus the proportion is below 
50 pei cent 

The demonstration that proteins contain abundance of acetone-for- 
mers docs not assuie that they figure prominently as a source of acetone 
m disease Tlieir i elation to the different forms of acidosis has to be 
detei mined bv direct observation, and the present tendency is to attribute 
to piotems a very subordinate role as souices of acetone, but the recent 
dudies m protein chemistry have reopened the whole question, which 
seemed at one time practically settled m favor of the fats 


Relation or Acetone Compounds to Ammonia 

Accoidmg to the theory of acid intoxication, increased excretion of 
acetone compounds should be accompanied by increased excretion of 
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ammonia In the majority of cases of acidosis, especially m diabetes, 
llns i elation holds and the ammonia excietion has come to be regarded 
as the measuie of acidosis Yet the exceptions to the mle are so numer- 
ous and sinking as to laise grave doubts legal ding a necessary relation 
between ammonia and acetone compounds and acidosis m general 

Limbeck has shown that excessive doses of alkalies do not remove 
ah ammonia from the mine, which must have other functions than the 
neutralization of acids In many cases of diabetes and other diseases 
associated vith acidosis, ammonia excietion is considerable while acetone 
compounds are scanty or absent In acidosis the ammonia bears relation 
not only onlv to the organic acid excietion, but also to the total mtiogen 
excieted, so that m any attempt to estimate acidosis from ammonia it 
becomes necessary to consider not only the absolute quantity but also 
the peicentage of mtiogen excreted as ammonia 

Satta has consideied m detail the relation between ammonia and 
acetone compounds m healthy subjects on earbohydi ate-free diet On 
feeding glycenn 01 fats undei such conditions the ammonia-acetone com- 
pound latio varied excessively, the acetone compounds rising far out of 
proportion to the ammonia and the latio falling An influence of exces- 
sive moigamc acids m the food was eliminated, since these remained con- 
stant The mciease of ammonia occuned on the first day of the expen- 
ment, although the blood contains alkali capable of neutiahzimg 80 gm 
of beta-oxybutync acid In diabetes, 20 gm of sodium bicarbonate failed 
greatly to influence the ammonia oi the acetone compounds, although 
the amount of alkali given was sufficient to neutralize more than the total 
quantity of acetone compounds 

AMMONIA ACETONE COMPOUNDS RATIO SATTA 

Acetone 


Urine, c c 

S G 

N 

NIP 

empds as 
oxybut acid 

NH 3 ace- 
tone empds 

Diet 

2290 

1010 

14 4 

0 856 

0 95 

90 1 

Meat 

1930 

1 010 

10 8 

1 42 

1 91 

74 1 

Meat 

1660 

1 015 

10 9 

2 51 

S 73 

2S 1 

Meat 

2150 

1 011 

10 7 

3 40 

20 0 

17 1 

Meat 


In a second case of diabetes 40 gm of sodium bicarbonate reduced 
the acetone compounds to a trace, although 2 64 gm of ammonia (=13 2 
om beta-oxybutync acid) were excreted 

Allard also has emphasized the very loose relation existing between 
TO and beta-oxybutync acid m diabetes when the hourly variations are 
followed observing that on meat-fat diet the ammonia does not follow 
the vanations m acetone compounds, while on hunger days the ammonia 
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n=es although the acetone compounds dimmish The influence of the 
alkalies of the food may m part explain these disci epancies 

HOURLY EXCRETIOX OF ACETOXE COIUPOUXDS AXD AXIATOXIA IX SEYrRE 
DIABETES, OX HEAT-FAT DIET ALLARD 

Hence Satta concludes that the ammonia formation m acidosis is 
largely the result of a specific disorder of mtiogenous metabolism and 
is not merely concerned with neutralization of acids While regarding 
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— [ — j — [ — | — Total acetone compounds 
o — o — o — o — o Beta-ovybutvric acid 

Ammonia nitrogen 

Acetone 

the ammonia as an mdex of the disturbed mtiogenous metabolism, he 
Mould consider the acetone compounds as a measure chiefly or exclu- 
sively of disturbed fat metabolism An uncertain element in these deduc- 
trnns is the possible presence of acid 5 : not considered m the computations 
The ammonia excretion m other forms of acidosis bears on this question 
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and will be considered latei Heie it may only be suggested that the esti- 
mation of acidosis by ammonia excietion is an indirect and often very 
unreliable measuie of acidosis and is an especially uncertain index of 
any particular type of acidosis 

Intestinal Origin of Acetonuria 

The whole subject of the exact sources of acetone would lose much 
mteiest if it should tianspire that any considerable degree of acetonuna 
is of intestinal ongin This was, indeed, one of the earliest mterpieta- 
tions of acetonuna, being introduced by Lorenz m 1891, and being once 
widely^ accepted as the piobable explanation of man} 1, toxic symptoms ac- 
companying gastiomtestmal disoideis Against the intestinal origin of 
the acetone compounds m gastiomtestmal diseases stood the piomment 
fact that the patients were usually imperfectly nourished, and Wald- 
vogel has cleaily emphasized the importance of starvation and burning 
of body fats m these cases Moieover, the direct examination of the 
stools failed as a mle to show a sufficient depot for the urinary acetone 
Yet Mullei repoits the presence m Cetti’s stools of 1 21, 0 57, 1 14 gm 
of fat, one-half neutral fats and cholesterm, the other half fiee fatty 
acids and soaps In Yebelthau’s cam, with 24 to 43 mg r acetone m the 
daily mine, the feces (10S gm dry) contained 0 103 gm of acetone In 
addition to the element of staivation, Satta considers the influence of 
absorbed toxic substances to be of considerable importance m this form 
of acetonuna 

The prompt antiketogenic action of caibokydr ates has been consid- 
ered as favoimg the intestinal origin of acetone, but this lapid influence 
is undoubtedly connected with the easy absorption of many caibohy- 
drates Likewise, the failuie of sugars, when introduced by rectum, to 
influence acidosis has been set aside by Satta, who finds that sugais ad- 
ministered by lectum are antiketogenic if given m considerable doses and 
properly absorbed Definitely against the theory of intestinal origin of 
acetone is the fact that cathartics and intestinal antiseptics, such as 
benzol and salol, frequently fail to influence acidosis or may even increase 
it In diabetic coma Magnus-Levy and Geelmuyden found less acetone 
proportionally m the intestine than m the organs In diabetes, as in 
cyclic vomiting of children, the acetone in the stools and occasionally m 
the vomitus is most probably an evidence of excretion by these channels 
If acetone is derived from decomposition of protein food, then it 
should run parallel with sulphur excretion Yet no such parallel but 
rather the opposite relations appears m the observations of Cetti 
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In staivation acetone increases steadily duung the hist week while 
the intestinal contents dimmish the intestinal canal does not contain 
enough piotem m starvation to yield 10 gm beta-oxybutync acid, the 
amount excieted by Cetti, while an origin fiom intestinal fat is excluded 
by the scanty content of the stools m fats 

Finally, the enormous amounts of acetone compounds m diabetes on 
fasting days seem to exclude an intestinal origin and point to processes 
of internal metabolism as the sole source of the compounds Hence, 
with the mci easing knowledge of the factois influencing acidosis, the 
theon of intestinal absorption has steadilv lost giound, and is to-day 
quite generally abandoned 

Toxicity of Acetone Compounds 

The foiegoing leview of the sources and relations of the acetone com- 
pounds uanants the conclusion (now generally accepted) that these 
substances lesult chiefly from the incomplete and probably abnoimal 
burning of fats induced by the absence of caibohvdiates The sugar- 
liungiy cell — to use the apt expression of Lusk — turns to the fats foi 
eneigv and secures it at the expense of a disordered and incomplete oxi- 
dation In diabetes probably a considerable proportion of the acetone 
compounds come fiom the deamidized fatty radicles of the protein mole- 
cule. but m othei conditions important protein sources of acetone have 
not been demonstrated 

Having tiaced the origin of the acetone compounds, the impoitant 
question of then physiologic action lemams to be considered Are there 
leasons for supposing that the acetone compounds aie ducctly toxic and 
can the symptoms associated with acetoniuia be lefened to the direct 
toxicity of these substances ? 

It was von Jaksch s opmion m 1885 that acetonemia was the dnect 
cause of a gieat variety of symptoms associated with acetonuna, but 
numeious studies of the toxicity of acetone before that time, especially 
those of Kussmaul and many subsequent leports have succeeded m shov- 
ing that acetone acts much like alcohol or chloroform, occupying an 
mteimediate position between these two naicotics, that it is incapable 
of inducing the nervous symptoms of fever gastroententis, carcinoma, 
psychoses 01 of other conditions marked bv acetonuna , that it is quite 
incapable of pioducing the symptoms of diabetic coma, and that the 
doses required to pioduce symptoms m man 01 expenmental animals ex- 
ceed the amounts excreted even m diabeties Twenh giams 01 0 OS am 
per kilo (Boling) produce only transient somnolence m man, vhile 0 2 
?in pei kilo causes onl} mild intoxication In dogs Schvarz caused seven 
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intoxication with 15 3 gm by mouth Dreschfeld observed no symptoms 
afiei taking 20 gm of acetone, or after giving moderate doses to dia- 
betics, but five oi si\ injections of 10 minims of acetone m rabbits pio- 
duccd coma, slow bieathmg, convulsions and albuminuria He concluded 
that acetone is non-toxic to health}’’ animals, but m disease "when excre- 
tion was diminished he thought it might be responsible foi senous symp- 
toms, even those of diabetic coma Yet the symptoms ho produced were 
not those of diabetic coma while the doses employed weie far laigei than 
occui m diabetes 

I have given acetone to healthy rabbits subcutaneously’, 6 gm daily, 
foi thiee to five days, causing dulness and drowsiness, with slight albu- 
mmuiia and aeetonuna Aftei tv r elve days death oecuned m one in- 
stance with emaciation and diowsmess but without coma and without 
fatty’’ changes m the livei oi kidneys The urine w r as always alkaline, 
with slight acetone, and a very heavy precipitate of carbonates 

"With the idea that acetone might prove moie toxic m animals with 
fatty’ liver, I anesiheli/cd a white labbit very’ deeply’ noth chloioform for 
thuty-five minute % and on the following day three times for periods 
amounting to foity’-five minutes in all The animal recovered with great 
difficulty On the following day 2 gm of acetone at one injection failed 
to produce any symptoms except marked aeetonuna, and 4 mg daily on 
successive days rveie also without ellect 

Negative results fiorn the injection of acetone compounds m healthy 
subjects or even m diseased animals may be inadequate to decide its ac- 
tion -when spontaneously ansing m the course of the disease, but the futil- 
ity of attempting to lefer diabetic coma to this agent has been geneially 
admitted Its possible relation to milder symptoms m various diseases 
must be determined by future studies At present its behavior m disease, 
the lack of relation to the seventy of the process, its absence m many 
cases which show characteristic symptoms, and abundance m other cases 
free from signs of intoxication, do not favoi the belief that it is a prom- 
inent factor m any symptom-complex m man 

With aceto-acetic acid very’ conflicting results have been reported 
Von Trenchs, von Jaksch, Albertoni, and Dreschfeld found it non-to\ic 
m man, even in excessive doses 

The optically inactive beta-oxybutync acid has been tested by a large 
number of observers, especially by Sternberg m large doses, 10 to 12 gm , 
m healthy men and animals, and m diabetics, with nearly uniform 
failure to produce symptoms of intoxication, although the acid is a 
decided local caustic ‘ With the optically active acid from diabetic urine 
Mmkowsla and Schwarz failed to detect toxic symptoms m normal or 
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diabetic dogs Waldvogel was able to mtioduce 2 2 gm of the acid intra- 
venously m the phloiidzm-poisoned rabbits without symptoms, although 
much smaller doses twice pioved fatal Subcutaneously 1 1 gm caused 
hemoiiliagic nephritis and death m two days Heiter, by slowly infusing 
into the femoral yem of monker s large amounts of a 4 to o pei cent 
solution of beta-oxybutync acid m nonnal salt, pioduced narcosis, but 
he was unceitam as to the exact significance ot this experiment 

Moie recently Wilbui infused labbits at the late of 4 c c pei minute 
with IST/IO sulphuric acid, acetic acid 2 per cent , lactic acid 5 pei cent , 
and beta-oxybutync acid 5 pei cent, pioducmg with all chaiaetenstic 
symptoms of fatal acid poisoning The fatal dose with each acid was 
uniform, the sulphunc acid being five times as active as beta-oxybutync 
acid, of which 0 03152 c c of 5 pei cent solution per giam of body weight 
was fatal Of sodium beta-oxvbutyrate 0 116 c c of 5 per cent solution 
pei gram of body w r eight w r as fatal After giving 75 c c of sodium salt, 
24 c c of 5 per cent fiee beta-oxybutync acid was given, causing convul- 
sions and death Even 5 c c of the acid aitei the usual dose of sodium 
salt was very toxic Wilbur, tlieiefoie, concludes that the salts of beta- 
oxn butyi ic acid aie toxic, and that m diabetes the action of this acid is 
not all due to its acid properties 

Reference may again be made to the expenments of Haile), who 
pioduced m dogs coma like that of diabetes by ligating the uieteis and 
injecting 8 to 12 gm of glucose per kilo The glucose disappeared fiom 
the blood m four to six houis and at the same time coma developed and 
deepened as the glucose diminished, while the blood alkalescence and 
caibon dioxid decreased and lactic acid mci eased from 0 09 per cent to 
0 134 per cent The symptoms weie lefened to acid pioducts of glucose 

Stembeig produced m dogs a condition resembling diabetic coma In 
infusions of ammobut)iic acid, but this substance is probably not a 
natural pioduct of mteinrediaiy metabolism 

Familial objections meet all these attempts to duplicate diabetic coma 
experimentally It is geneially recognized that the lapid introduction of 
laige quantities of acids into the blood is too crude and the factors m- 
rolved are too complex to lender the expenment convincing Obsena- 
tions on the occunenee of beta-oxybut)iic acid m disease have fai moie 
decisire lalue, and when 40 gm of this acid may be excieted m one da\ 
m a case of sinngonnelia on a meat diet, without symptoms of intoxica- 
tion, it is difficult to maintain that this acid exeits any immediate toxic 
action (Geiliaidt Sclilesmger) 

As an indirect effect of the long-continued excretion of acetone com- 
pounds must he considered the nephritis which most observers describe 
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among the 3 esults of poisoning by acetone and oxybutync acid Ebstein 
and Kid/ called attention to the appearance of veiy numerous small 
In aline and gi anulai casts m diabetic coma, and Waldvogel and others 
legal d the appearance of such casts as a sign of excessive excretion of 
acids since they have been found to disappear on feeding carbohydi ates 
In the experiments with Mdioclilonc acid, oxybutyric acid and acetone, 
albuminuua casts and nephritis are neaily always noted In clinical 
cxpenencc also long-contmued acidosis is often followed by nephntis, 
especially m the toxemia of pregnancy, uhile nephritis is neaily constant 
m the terminal stages of piolonged diabetes Many considerations of 
tins chaiactei suggest that the acetone compounds, m addition to their 
acid action, aie mdncctlv toxic though injury to the renal cells and the 
pioduction of a piogiessne nephritis 

Ell mox op Acetone Compounds to Oxidation 

A gieat mass of evidence, clinical, pathologic and chemical as well 
as prevailing opinion , points to deficient oxidation as concerned in the 
foimation of acetone compounds Clinically the diseases accompanied by 
acidosis me marked by excessive consumption 01 by deficient supply of 
owgen often by sinking disturbance of respiration and by deficient gen- 
eral vitality, but it must be admitted that such points of view offer very 
unceitain data The mam basis of the theory of suboxidation is found 
m the general pathologic lelations of fatty degeneration, which have been 
fully stated by Klebs and many others, and the evidence from these 
souices is lathei comprehensive and consistent, but the furthei one pur- 
sues this tbeoiy m the analysis of familial pathologic processes the less 
adequate it appeals It is true that m a moribund patient oxidation is 
less active than m health, but the statement of tins fact does not add much 
to the conception oi lethal diseases That oxidation in many conditions 
does not proceed with noimal vigor is undeniable, but that any definite 
pathologic process consists essentially m a low grade of oxidation appears 
still to require demonstration As Speck concludes from a review of the 
chemical reactions concerned m metabolism, life does not involve simply 
oxidative processes 

According to JSTasse, the metabolism of carbohydrates activates oxygen 
in tiro body and thereby furthers the oxidation of fatty acids to their 
noimal end pioducts Yet it is difficult to see how the katabolism of glu- 
cose can liberate any free oxygen The study of intoxication acidoses bv 
TVmterstem and Boen led them to conclude that the assimilation oi 
oxygen was interfered with by the poisons Yet Lusk has shown that m 
phosphoius poisoning the interchange of oxygen bv lespmation is equa 
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to that m health. After extirpation of the liver urea fails to be formed, 
but whether the defect is one of oxidation, hydrolysis, or dehydration, is 
not known, while the absence of specific feiments normally supplied by 
the livei explains the condition much more adequately than does the 
absence of any one chemical reaction In diabetes there is a failuie of 
ceitam piocesses m which oxidation is concerned, as the burning of fatty 
acids Yet we do not speak of diabetes as a form of suboxidation but 
emphasize rather the absence of specific ferments which call into play 
other chemical piocesses as well as oxidation Hence the ready resort to 
the phrase “suboxidation” m the theory of diseases of metabolism is in- 
accurate and misleading 

The extent to which oxidation figures m the physiologic chemistry of 
acidosis may be determined by the chai aeter of the reactions involved m 
the formation and katabolism of the acetone compounds Heie it is evi- 
dent that oxidation, dehydiation and hydrolysis are vanously combined 
In the formation of diacetic fiom oxybutyne acid one may assume that 
eitliei the enol or the ketol form of diacetic acid is produced In either 
case both dehydiation and oxidation are combined 
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With keto-diacetic acid dehydiation of beta-oxybutync and oxidation 
through crotomc acid aie necessary In the case of enol-diacetic acid 
dehydration and oxidation with foimation of thiee molecules of water 
are involved 
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Diacetie acid is transformed into acetone by direct hydrolysis 
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It is possible, liowevei, that diacetie acid is directly broken up by 
hydro!} sis into two molecules of acetic acid and subsequently hydrolyzed 
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Hence oxidation and hydiolysis are both involved even m the simpler 
final steps of formation of acetone compounds The possibility of the 
synthetic origin of beta-oxybutync acid has been discussed by several 
v rite is without definite conclusions When one turns to the field of the 


eailiei cleavage pioeesses m the formation of lower fatty acids from fats 
and proteins the relation of oxidation and hydrolysis becomes even less 
certain Fiom the general chemical standpoint Folin expresses the 
opinion that the lelative importance of oxidation and hydrolysis m the 
production of beta-oxybutync acid is still undetermined 

Dakin’s experiments m the treatment of fatty acids with peroxid of 
hvdrogen compel the conclusion that one essential factor m his conversion 
of these acids into acetone compounds, etc , is oxidation, but hvdrolysis 
is also concerned 

Confiimatory evidence that certain definite oxidative processes m the 
body are deficient m some diseases accompanied by acidosis is furnished 
by the studies of Richaids and Howland on cyclic vomiting of children, 
and of Richards and Wallace on the influence of cyanid on metabolism, 
which show that m this form of acidosis neutral sulphur is notably in- 
creased In the case of the sulphur, at least, there can be no doubt that 
a process of oxidation is involved 

It is impossible here to enter further into the complex lamifications 
of the subject of the general significance oi oxidatne pioeesses m the 
body It must suffice to point out that m acidosis, while deficient oxida- 
tion is an essential element, it is only one of several factors involved 


Physiology of Lactic Acid 


Although lactic acid CHOH is chemically a fatty acid, it is much 

COOH 
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nioic closely connected with the eaiboliydiates and piotems than nith 
the fats, from which, houevei, Dakin obtained it by Maiming higher 
fatty acids with hydrogen peroxid It is produced chiefly m the muscles, 
piobably from caiboliydrates (glycogen, glucose), and is either burned m 
the muscles or carried to the livei foi combustion In phloi idzmized 
dogs 70 per cent of ingested lactic acid may be synthesized to glucose 
Lactic acid may also be denved fiom glucose by the action of a feiment 
contained in animal tissue (Stocklasa) Embden obtained much lactic 
acid by perfusing blood through a liver containing glycogen, but less 
when the liver was free from glycogen Hence Mandel and Lusk point 
out that a senes of transformations exists — lactic acid, glucose, glvcogen, 
glucose, lactic acid 

In herbivoia lactic acid readily appears m the blood and uime m 
laige amounts After extupation of the liver m geese, Minkowski found 
35 gm m the uime of the eighteen hours dm mg which the animal 
mivived the opeiation, it was combined with ammonia, with which it 
leplaced the bulk of uric acid Here it resulted from the loss of synthetic 
function of the livei In this case the lactic acid must have been derived 
fiom piotems since it was proportional to the mtiogen excietion and 
vas not mcieased by giving carbohydrates Piotem denvatives, like 
alanm and leucin, aie leadily convertible into lactic acid by hydiolysis 

In rabbits with strychnin tetanus it is abundant m the urine, greatly 
i educes the caibon dioxid content and titiatable alkali of the blood, and 
leads to an extreme acidosis (Araki) Here it is a pioduct of excessive 
muscular activity, while the deficient oxidation which lesults from the 
gieat dyspnea of stryclmm poisoning permits it to escape oxidation and 
appear m the urine Similar lesults appear m man aftei epileptic con- 
Milsions and m soldieis after exliaustmg marches (Inouye Saiki) Yet 
camuoia buin lactic acid much more actively than lierbivora and also 
en^o} the souices of ammonia as a piotective mechanism, and it is doubt- 
ful if any dangerous grades of acidosis from lactic acid occur m man 

Ivraushas pointed out that those conditions m which beta-oxybutuic 
acid is prominent fail to show much lactic acid This fact is paitly 
OMing to the diffeience m the souices of lactic acid and of the acetone 
compounds Lactic acid also has a pronounced antiketogenic influence 
Tlieie is, therefore, a definite chemical, physiologic and clinical antag- 
onism between these two forms of acidosis, and tins principle I believe 
nm furnish a basis foi the classification of diseases associated nith 
acidosis 

The mechanism concerned in the production of lactic acid and its 
appearance m the blood and urine is probably a special form of defective 
oxidation According to Hoppe-Seiler all tissues containing gh cogen or 
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cliu'0=e piodute ladle acid wh on impaled!) applied with oxygen 
‘Vialci m a sines oi cxpci iments lias cndcavoied to establish this piinciplo 
in ihe piofluciion of lactic acid By slow paitial asphyxia, poisoning by 
cmhon monoxid cuiaie, =luchnm, moiplun, amyl nilnte, phosphoius, 
•inrl ai-omc, he has found modciate 01 huge amounts of lactic acid m the 
Mood and mine often with glycosima, and has tiaccd ihe influence of 
doth lent supph of oxureu in them conditions 

AMicihci qiianlitalne deficiency or the inability of the cells to ap- 
piopnato the oxigen is the essential factoi is uneeitam 

in lndionanic acid poisoning owgcn m m excess, but the cells can 
not appiopuate it fCoppeit) Aflci e\tn pat ion of the hvei it would 
appeal that special fennenis 01 othei lactois must be deficient 

in phosphoius poisoning the classical t y pc oi. detective oxidation is 
bclie\cd to exist Lusk lias shown that in phosphoius poisoning in clogs 
the mlei change of oxj'gen hy lespnation is noimal, hut it is still possible 
to suppose that while the ie«pnaion cm 1 cuts aie noimal pait of the 
owgen is diveited iiom noimal oxidative 1 unctions to an excess of m- 
ieimechaiv pioccsses oi metabolism so that some oxidative piocesses aie 
not earned to completion 

Although m dogs with Eck fistulas ihe ammonia seems to be an im- 
mediate mull oi the loss of mea-foinnng inaction ot the livei, m 
phosphoius poisoning the ammonia appeals to be somewhat dependent 
on the piesence of lactic acid Baj, McDeimott and Lusk, bj r adminis- 
tenng phlondzm to phosphoms-poisoned dogs, caused both the ammonia 
excess and the lactic acid to ciisappeai simultaneously ISTow r the effect 
of the phlondzm is meiely to px event the fonnation of lactic acid, m 
the absence of which acid theic would be no need of ammonia Hence, 
the chsappeaianee of ammonia aftei phloridzm poisoning would seem 
to indicate that the ammonia was not the daect lesult of mjuiy to the 
hvei, but w r as only a piotective agent against the lactic acid Yet it 
appeals possible that phlondzm way also inhibit desamidation and thus 
dimmish the ammonia In eithei case the lactic acid and ammonia 
signify defective action of the h\ei, in the first instance horn the lack 
of mea formation m the second fiom failiue to bum lactic acid, both 
of winch functions the noimal hvei accomplishes 

Lactic acid appeals to exeit a contiollmg influence ovei fatty m- 
flltxatxon of the tissues Bosenfeld flnds tliat there is a physiologic 
antagonism between gh cogen and fat deposit m the hvei When this 
om-an has abundance of glycogen at command visible fat is not piesent 
but when glycogen is lacking it must have fat fox the supply of heat and 
chawin'* it from the fat depots visible fat appears m the hvei cells 
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In fasting plilondzmi/ed clogs acidosis begins onh aftei the lnei ha= 
0011511111011 its glycogen and has begun to bum fats and piotenw 

'When lactic acid appeals m the mine it is a sign that glycogen i 5 not 
(Oinplctely burned IJndei such conditions fatt\ changes m the livci aie 
\eiy constant Accoidmg to Lusk the “sugai-hungiy ,? cell attiacts fat m 
laigei quantify than can be binned, so that a deposit of fat oecuis m the 
cell Iloppe-Seylei and Aiaki find that diminished o\} gen supply le- 
sults m the appeaiance of lactic acid Loi this leason, theiefoie lack 
0 L oxidation must lesult 111 fatty clegeneiation 

In diseases terminating m piolonged dyspnea fattv clegeneiation of 
the centeis of liver lobules may or may not occui It uould be mteiest- 
mg to tiacc the lelation of lactic acid m such cases In fact, association 
of lactic acid m the mine with extensive fatty clegeneiation of the oigans 
111 many diseases deseives moie thoibugli study In diabetic clogs fatty 
livei and lactic acid m the uime aie usually obseived (Lusk), but m 
human diabetes fatty livei is laie, and Magnus-Levy believes that 111 
this disease lactic acid occum in negligible quantity The leason foi tins 
difCeienee, if it exists, may peihaps be found m the fact that clogs aie 
lcs« accustomed to bum caibohydiates m the food and may moie leaclih 
lose all capacity to do so Thioughout the clinical foims of acidosis lactic 
acid and fattv clegeneiation aie aluajs associated 

Summary 

Ilawng sketched in some detail the fonn and souices of 0111 knowledge 
of the substances concerned m acidosis, it lemams to emphasize 111 sum- 
man the mam lesults m this field 

1 While all classes of foodstuffs yield acetone compounds m the test- 
tube, x eb 111 the body these compounds aie denved mamh from the fat 
tnsues and to a less extent f 10111 the food In diabetes, howevei, the 
piotems contnbute dnectlv 01 mdnectlv to the fonnation of acetone 
compounds To u hat extent the piotems aie diavn on m othei condi- 
iions lemams unceitam 

2 The complete combustion of fats lequnes the simultaneous katab- 
ehsm of caibolndiates, m the absence of v Inch theie is a defectne and 
possibh abnoimal couise of fat combustion lodanm m the acetone com- 
pound® In all known conditions, even in diabetes, the metabolmn of 
caibolndiate® occupies a contiollmg position m this fonn of acidosis 

I Oxidation of stiaiglit-cham fatty acids occuis at the beta-caibon 
atom 50 that such acids with an eten numbei and at lea 5 t foui caiBon 
amjiw may weld beta-owbutwie acid Oxidation of pme fattv acids 111 
ilu um-tube nun ocau at the alpha-caibon atom vitli a\ oidance of 
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acetone compounds, but uhethei tins course may be followed m metab- 
olism is unceitam Eiom blanched fatti' acids a methyl gioup may be 
leplaced by hvdiox}], and m annno-acids oxidation occurs at any carbon 
atom holding an ammo group, both of which processes mav yield beta- 
o \\ butjTic acid 

Knoop’s w 01 k and the icady destruction of oxybutyrie acid m healthy 
men indicate that this acid is a noimal product of metabolism 

4 The uunaiy ammonia is influenced liy the total mtiogen excretion, 
by the piesencc of fatty acid derivatives, by lactic acid, possiblv by m- 
oi game acids, and notably by defective synthetic functions of the liver 
Tt beais lathei loose i elation to the acetone compounds, and, being an 
indirect measuie of the piesence of acids, can not replace their dnect 
estimation 

o The gi ounds are still inadequate to support the view that acetone 
compounds, as they anse m the body, exeit any notable direct toxic 
action 

6 Oxidation and hydrolysis aie both concerned m the formation of 
acetone compounds 

7 Lactic acid is a pioduct of disoideied or defective Icatabohsm 
chiefly of glycogen, it results also from disturbed function of the liver, 
and beai s an important relation to fatty degeneration 
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/// CLINICAL T J PUS OF ACIDOSIS 
Tin: Vcmosis of S f uivatiox 


One oi the* mo^t significant loims of acidosis, and. one that gives the 
cine to its ougm 111 many diseases occms when the supply of food, 
especiallj oJ caibolndtntes is deficient The pm est examples have been 
shown I13 the pioles«ional fasteis, Cetti Bieithaupt and Succi In them 
acetone lapidlj mcieased fiom the nonnal tiace to a pionounced leaction 
a few fioms aftei the fast began, leaching 0 5 g in on the hist day in 
Cetti, but only 0 05L gm with Bieithaupt, m whom the use to 0 5 gin 
lequiicd fne da^c The highest exciction was 0 7 S 4 gm In many othei 
healthy 1 acting men these limits weie not exceeded, and often the acetone 
has been much low'd fMullei, Sonatox, Iliischield, Waldxogel) In health 
most acetone (SO to 9 S pei cent ) (G'eelmmden) passes out b} the bieatli, 
but m slaivation the non-volatile foieiunneis of acetone can not be 
leadily exhaled fiom the lung, but aie usual h exeietecl unchanged m 


the mine, which thus becomes the chief channel of exit 

Theic aie, how'evei sluicing exceptions to this mle, as 111 Ncbelthau's 
case, m which only 10 pei cent of the acetone appealed 111 the mine 
In am event, to the unnan acetone must be added 20 to 40 pei cent 01 


11101c to give the total exeietion in starvation 

Yet the lesults of the sudden withdrawal of all food m the a\cu ge 
human tang a.e often moic ponounced Mayei found 1 90j. ot 
acetone m tlio m me of a fasting gul with a gasti.c ulcei Diacehc acid 
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n*ual1x append on the hist dax ol siai \ation and become* pionouneed m 
tlmt>-*i\ hom* (xon Yooiden) Gieat valuation^ m the exaction of 
boia-oxx bnix 11 c acid m staivation have icpeatedh been noted and m.n oe 
att i lbutcd to the vnymg supply of caibohxdiatc m the both the amount 
of fat in the food, the extent of the depot iat and to individual peculian- 
ties In a ca*e of hysteiical vomiting Geihaidt and Schlcungei found 
40 gm in one dax's mine L Mai ei 16 3 gm in a ca*e of ga*tnc ulcei 
and Biug*ch lecoids 9 27 to 13 gm fiom the tiventi-thnd to the thntieth 
dais of stan ation m a piofessional fasting uoman The*e amount* aie 
hilly equal to those obseived in mam eases of acid diabetic coma 

It is not justifiable, houexei, to legal d such cases as examples of 
simple stan ation Fatient* xnth gastnc ulcei, esophageal stenosis, and 
hi *i ena, aie not lioimal subjects foi *tudies m metabolism and many 
sccondaii factois exist to mtensif} the influence of fasting 

Duimg the acidosis of acute staivation tlieie is mcieased exaction of 
calcium and phosphoiic acid the fat an the blood is sometimes mcieased 
(Cohnstem Michaelis), but the alkalescence and caibon clioxid content 
have been found piaetically lioimal 

The ui maiv ammonia usualli urns paiallel i\ ith the acidosis In a 
mu*ailai man nith gastnc ulcei von Nooiden found S6 gm of total 
nitiogen ol‘ uliich IS pei cent uas excieted as ammonia Biugsch found 
3a 3 pei cent of ammonia nitiogen (1 46 gm ) m one clax of Succi s fa*t 
and an aieiage of 2 1 3 pei cent (14 gm ) fiom the tventj -thud to the 
ilmtieth clai llighei latios usualli belong to case* like Xebelthau s 
(60 pei cent) m xxlncli the total nitiogen is xcn low Accoidmg to 
Bominigei and Molii, the ammonia excietion in fasting i* fai liom 
*u(hcient to neutiali/e the ox} butane acid m tlie mine, so that fixed 
alkalies me fiom the fii*t lequned foi this puipose Yet Biugsch oh 
tamed cntneli opposite lesults nith Succi 

A lemaikable case oi cliiomc staivation uithout acido*is is lepoited In 
Biugsch of a uoman oi 56 yeais ueiglnng 32 kg, cxtiemeh emaciated 
fiom c«ophageal stenosis, who had taken no food In mouth foi nineteen 
flax s beloie death aftei gastiostomx, and uho shoved complete abso’b- 
noii ot depot-lat The uime gas ga\e no tiacc of acido*is and the 
ammonia nitiogen befoie the opeiation uas 0 15 gm oi 2 9 pei cent of 
tin total nitiogen (5 46 gm ) This obseivation does not suppoit the 
idea oi a toxic oiigm of ammonia m stun ation but it does *hou that 
°tai\ation uithout iat con*umption max be fiee fiom acidosis 

Stan ation acidosi* i* not limited to patients ab=taming fiom all food, 
hu: xen maiked giadc* commonlx ie=nlt bom exclmne meat-fat diet 
het in complete *tanation the acetone compound* tend to mciea*e while 
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on meat diet the body may loam to bum fats without earbohydiates or to 

nppiopiiatc the eaibohydiaie gioups of proteins, and then the acidosis 
diminishes 

Aocoidmg to Maium, m fasting pldoi ld/m-poisoned dogs, acetonuna 
appeals onh after tlie livei has become free fiom glycogen, and disap- 
pear comcidently ruth the reappearance of glycogen m the liver Very 
laige amounts of piotem in eai boh} di ate-fiee diet tend to reduce acidosis 
I3°g& aie moie accustomed than man to lack of eaibobydrate and are able 
to bum fats without their aid Hence, m these animals paitial starva- 
tion causes little 01 no acidosis so long as nitrogen equilibrium is main- 
tained Even in depancieatmized or phlondzm-poisoned dogs theie is no 
acidosis until negative nitrogen balance indicates the destruction of bodv 
pi oleins for the suppl) of cncigy (Baer, Brugseh and Bambeig) 

Geihaidl and Schlesmger subjected themselves to a rigid meat and 
fat diet foi eight davs Acetone was abundant on the fiist day, diacetic 
acid appealed on the second, and, on the fifth and seventh days, oxybu- 
tuic acid, of which 9 gm were excreted They reported no symptoms of 
intoxication 

It is chaiactenstio of the acidosis of starvation that it is quickly re- 
lieved by cai boln di ate, the administration of 100 to 120 gm of sugar 
i educing the acetone m a few r hours and bringing it to the normal usually 
within two da}s Waldvogel kept a strong man four days on P /2 hteis 
of beer and 750 gm of wdnte bread without increase of acetone, and 
Bosenfeld saw no acetonuna m a subject taking nothmg but 145 gm of 
cane sugar m one day Hence, it is not the lack of food, but the absence 
of caibohvdiates which determines the occurrence of acidosis m starva- 
tion Yet the high acidosis with meat diets and the comparatively low 
giades observed m emaciated starving patients bear out WaldvogePs 
assertion that the degree of acidosis depends on the extent of consump- 
tion of fats 

An important question in starvation is its effect on the general vitality 
of tlie organs Is the acetonuna purely the result of disturbed chemical 
leactions m the body, or are the organ cells injured by this condition and 
then functional capacity reduced ? Numerous interesting data beai di- 
lectly on this question 

Schondoiff perfused the livers of recently fed dogs with blood con- 
taining the products of digestion and found considerable formation of 
uiea, but when the liver of a starving animal was perfused with the same 
blood urea was found m greatly reduced amount or not at all Sehondor 
concludes that the liver m starvation shows greatly reduced capacity to 
fonn urea from the normal products of digestion Folm, however, thm xs 
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that the amount of uiea formed duiing peifusion flnough the legs of the 
w oil-fed dog was too small to justify SchondorlPs conclusion Geelmm den 
found that m men on caibohvdiate-fiee diet 01 fasting, 5 to 6 per cent 
of diacetie acid ingested fails to be broken up, but m the same subjects on 
mixed diet only 0 75 per cent escapes destruction 

While a veiy small quantity of caibohydiate (80 gm glucose, 
Hn c chfeld) is sufficient to pievent acidosis, aceoidmg to Satta much 
laiger amounts aie needed to relieve an already established acetonuria 
While the unnaiy ammonia mei eases with the acidosis m starvation the 
observations of von Nooiden (p 51) and Satta fail to show a uniform 
relation between the ammonia nitrogen and the giade of acidosis m 
fasting Satta shows cleaily that the administration of caibohydrates m 
fasting promptly relieves acetonuria while the ammonia remains high foi 
twcntj-foui to foity-eight houis longer These lesults indicate that the 
v ithdiawal of carbohydrates causes a disturbance of cellulai vitality with 
alteration m mtermediaiy nitiogenous metabolism, mci eased excietion 
of ammonia, and imperfect combustion of fatty acids 

In observations on a professional faster, Cathcart found the lesidual 
mtiogen low (0 15-065 gm , 1 09-6 83 per cent ) and with a tendency to 
decline Biugsch also obtained a low r piopoition of lesidual nitrogen m 
a piofessional fastei Yet m many diseases m which inanition is prom- 
inent, especially m the toxemia of pregnancy, the residual nitrogen is 
\en much highei (Ewing and Wolf), indicating either that these are not 
eases of puie slauation oi that starvation heie takes on a toxic chaiacter 
E and O Pieund found only 56 pei cent of urea nitrogen on the twenty- 
first day of a fast, and they assume that the lesidual nitrogen made up 
the bulk of the lemamdei Yet for the total nitrogen excietion of this 
case 2 84. gm _ this propoition of uiea is normal, and much of the re- 
maining mtiogen must piobablv be ciedited to cieatm and cieatimn 
winch weie not estimated 

With deficient functional capacity of the liver the considerable ex- 
eietion of mdol and phenol fiom intestinal putrefaction becomes of con- 
fide! able impoitance as indicating a possible souice of secondary toxic 
agents m siaivation (cf Baumstaik and Mohr) 

Albunnnuiia is of veiv common occuirence m starvation and points 
to an lnjuiy of the lenal cells Yon Yooiden obsened a case with traces 
of albumin on the thud da} of fasting On the fourth day bioth and 
hnn raw eggs weie taken Marked albuminuria followed, lasting twehe 
hours Yext day on full mixed diet albumin was absent and latei when 
hioih and seien law eggs weie taken it failed to appeal Yon Yooiden 
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as pioxmg that staixation implies the lenal 


i ho pathologic anatomy of staixation fonns a vciy scant chaptei m 
the extensixe lifeiatuie ot this subject Intestinal liemonhages have 
oficn been opened m man and animals and as m Schulz’s expenence, 
iaslmg dogs sometimes suddenlx collapse and die with intestinal hemoi- 
ihages, sign* of seme intoxication and mci eased mtiogen output 
Del a field has long iccognizcd in iSTexx h oik cases of vagabondism and 
slan ntion m xxhieh, uitli lemaikable lack of oidmaiy fecal niattei m the 
intestine tlieie is pionounced hemoiilmgic gastio-ententis I have al- 
ii ax s legal ded these cases as lllustiating a fonn of autointoxication 
tcinunating staivation 

It is a xxiclel) piexalent nnpicsmn that the xxilhdiaxxal of food max 
be pci milted xxith safet} piolonged xxith consideiable impunity, and its 
consequences disiegaided 01 estimated as a mere passing inconvenience 
xxhieh ma} 7 lie tcimmalcd at xxill The study of metabolism hoxxuxer 
shaiph conti ad K is tins opinion shoving that staivation does not meielj 
entail a quantitatixe reduction of eneigy, but may piofoundlx distuib 
the entile comsc of metabolism, lead to secondaix changes m the stme- 
tme ot oigans and initiate a piogiessivc autointoxication fiom xvlucli 
iccovcix is often sloxx and sometimes impossible The obseivations on 
piofessional fasteis can not sen r e as a slandaid foi the effects of staiva- 
tion m disease Clinical expeiience has long established the dangei of 
uithdiaual of food in infants and ehildien, has always lecogmzed obese 
subjects as bad usks m acute infectious diseases, appendicitis and othei 
suigical atlcctions lequmng anesthesia and opeiation, and has placed 
ox r ei nut lit ion m the iioni ianlc of piedisposuig causes of fatal auto- 
intoxication In all these conditions it is evident that the sudden burn- 
ing of body fats may constitute a senous dangei to life, fiom loss of 
contiol of the manifold chemical leactions concerned m the process 


Acidosis in Pregnancy 

Acidosis m disoidcis of picgnancy fiist came into piominence as a 
diagnostic S’gn oi fetal death Yieaielli m 1S93 examined the unne m 
13? cases oi gestation and found aeetonuua m nine, all these patients 
xxeic deliveied of maceiated fetuses He natiually concluded that ace- 
tonuiia xvas a diagnostic sign of fetal death and finding the acetone m 
the liquoi annul he supposed that it must come fiom the fetal tissues 
lie did not examine the unnaix distillate and when this vas done ix 
Knapp Couvelane, and Meiciei and Menu it appealed that acefconuiw 
occmied in many noimal cases, especially at teim, xxas moie icquen 
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wiili \ai ions complication's bcloie and aftei laboi, and was c-pocialH 
pionounced in eclampsia and with some but not all cases of fetal death 
Com elan e comideied acetonuna a sign of autointoxication 

Scholtcn, m a sindv of 33 case's, obscived acetonuna in 31 at the 
pueipeuuni mci easing with the length and sevenh of laboi Maikedh 
mci cased acetonuna occnned duimg piegnaney m 3 of 39 cases, all with 
in mg fetuses Scliolten tned to bung the addons of piegnaney m 
line with the pi evading tiieoi} of ongm of acetone fiom piotcms duimg 
caibolndiate staivation, and m 9 cases he adnnnisteied 100 to 300 gm 
of mgai In 6 acetonuna piomptlv dnappeaied, while m the othci 3 the 
women \ omited the sugai Stolz found acetonuna moie common in the 
pueipenmn than eailiei in gestation (38 to 50 pei cent ), moie common 
m mult i pane than m fiist and second piegnancies It was not facoied 
In lactation He tliought the acetone was denved fiom the metabolism 
of bod} fats and was m some way connected with the absoiption ol 
colostium It is lemaikable that these obseiveis failed to emphasize the 
tone element winch must have been piesent in man} of then cases Yet 
Waldcogel the chief exponent of the theoiy ol ongin of all acidosis iiom 
caibolndiate staivation, detected ceitam disciepancies between the ace- 
toniiiia of piegnaney and that of puie malnutution 

The autctoxic natuie of the disoideis of piegnanci accompanied In 
acidosis was ultually pioted by the obseivations of Lmdemann and 
Bonffe St Blaise but the close lelation between all these specific mani- 
icstations was hist shown by Stone and by the wntei of tins papei in 
1903-1 At that tune w e had found high ammonia latios m the uime 
m pernicious counting, indicafmg seveie acidosis, but finding no con- 
stant lelation between the acidosis and the =eventy of toxic s}mptom= it 
became necc=:sai} to look to otliei featuies of metabolism foi a clue to 
the natuie of the intoxication 

^Meantime, Zweifel lcpoited an extensive study of the unnai) sulphui 
m eclampsia, concluding that tins disease consists m a lemaikable de- 
ticiency m the oxidative capacity of the oiganism, and attnbuting the 
toxic svmptoms chiefly to saicolactic acid Accoidmg to this new 
eclampsia falls m that gioup of acidoses which is antagonistic m on am 
to that due to the acetone compounds 

"Williams has contnbuted nnpoitant obsei cations on the ammonia 
exaction m pernicious counting, dividing the ca=e« into two gioups 
duKe with Ingh ammonia, which lie lecognizes as toxic and tho=e with 
low ammonia, which he legal ds as neuiotic 

In a studv with "Wolf of the clinical -c mptoms pathologic an a tome 
nul nimary chemmiv of the toxemia of piegnancc we diew tlie con- 
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elusion that pernicious smiting, acute yellow atiophy and eclampsia are 
closely 1 elated conditions, connected bj tiansitional cases, and consisting 
essentially m a disoulei of mtiogenous metabolism involving disturbances 
of several processes, including probably defective desamidation From 
Hie results of tins uoik the routine study of the nitrogen partition m the 
mine m picgnanc) was lecommcnded, partly as a leliable guide to the 
giauty of the disease, but moie urgenth as a basis for prophylactic 
tieatmcnt by geneial hygiene and carefully adjusted diet Although we 
found acetone compounds m many cases and lecognwed the significance 
of ammonia as a measuie of acidosis ye veie unable to legard the dis- 
ease as essentialh an acid intoxication, since these signs weie missing m 
many veiy seveie cases of all types, while the low uiea and high amido- 
acid nitiogen m such cases suggested the theory of defective desamidation 
Quantitative estimation of the acetone compounds m the toxemia of 
piegnancy aie not available, but from the ammonia latios leported by 
Stone Williams, Edgar, Eu mg and Wolf, m pernicious vomiting, and 
by Zangcmeistei and Zweifel m eclampsia, it is evident that the acidosis 
is often seveie In one of oui cases aftei two weeks vomiting the total 
ammonia nitiogen was to 1 7S gm (14 2 pei cent ) , and m anothei case, 
that of a very fat woman with moderately severe synptoms, the ammonia 
nitiogen was 43 pei cent It is especially in the acute cases m the early 
months that high ammonia ratios occur No uniform rule can be estab- 
lished, however, owing to the complexity of factors influencing ammonia 
excretion We have seen fatal cases with normal ammonia, and are now 
observing a patient whose ammonia ratio foi some months has run be- 
tween 10 and 15 pei cent m spite ot full caibohydrate diet This patient 
was finally deliveied of a healthy infant, after which the urine promptly 
became normal 


Eecently a remaikable case of pernicious vomiting came undei our 
obseivation at Bellevue Ilospital through the kindness of Di Cyius J 
Stiong This patient, a well-nounshed tenpara, had taken little food 
foi some weeks on account of persistent vomiting Her condition did 
not appeal to be cntical, the chief svmptoms being muscular weakness, 
mental dulness, and vomiting The pulse was SO to 100 and of good 
force The accompanying table of urine analyses is furnished by my col- 
leagues, Drs Wolff and Shaffei 

On July 8 abortion was recommended, the patient was transfeired 
to another “service, and no further analyses were obtained Instead of 
oneration moral suasion was employed with much success, as the patient 
stopped vomiting and retained some food On July 14 she was delivere 
of a macerated four months fetus Vomiting recurred severely and the 
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patient sank mto a state of great weakness, mental dulness, delirium 
ending m coma and death, July 20 Theie was no autopsy 

In this case the lemaikable ammonia mtiogen ratio of 75 per cent 
(total 2 47 gm ) was reached and urea disappeared entirely fiom the 
m me of this day. On account of the very low nitrogen output the 
chemical diagnosis must he chronic starvation with acidosis, but clinic- 
ally the termination of the disease took the form of pernicious vomiting 
of pregnancy with acute yellow atiophy of the liver 

In many of our cases however, the ammonia totals and latios aic 
noimal oi subnormal, although the symptoms aie set ere oi even fatal 
(cf Cases 10, 12, 16-19, Ewing and Wolf) Hence, acidosis is not a 
constant and can not be an essential feature m all stages of the toxemia 
of pregnancy 

In eclampsia the ammonia latios of Zangemeistei and Zweifel, as well 
as oui own, iun below 20 per cent, while the total ammonia nitiogen 
docs not indicate the existence of a scteie giade of acidosis, and the le- 
aelions foi acetone compounds aie model ate 

Zweifel believes that eclampsia is an intoxication by lactic acid oi 
its salts, but the amounts of this acid w Inch he finds m the blood and 
uime aie compaiable to those found m other quite diffeient conditions, 
while the known physiology of lactic acid does not favor the belief that 
d is the cause of eclamptic seizuies Dieyfuss m a recent study oi 
eclampsia has pointed out these physiologic relations and concluded that 
m eclampsia lactic acid results fiom excessive musculai exertion, 
dyspnea, and disturbance of the liver 

That the specific toxemia of piegnancy is an autointoxication is 
amplj pioted, since its fulminant forms aie the most violent occurimg 
m the human subject, and it is almost equally cleai that acid intoxication 
is a subordinate factor, although possibly affecting some cases, but the 
part played by starvation m this disease is not easily determined 

In the case lieie lepoited and m Case 12 of Ewing and Wolf s senes 
the influence of prolonged starvation seems evident But moie rapid 
cases of the «ame t\pe may be fatal m a few days, and if these are the 
remit of starvation, then m this class of patients the essentially toxic 
chaiactei which starvation may sometimes assume becomes emphasized 
*o a lemarkable degiee Ton Hodden seems to believe, and his pupil, 
‘^atta, act n eh maintains, that the condition in fasting is essenhall} 
mne with progressive injun to the bod} cells, and such is the conclusion 
relied m the present section on this topic 
It has been objected to the use of the nitrogen partition as a clinical 
m the toxemia of pregnane} that it shows only the influence of 
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vianniion Accoidmg to the piesent view, lionet ei, its significance is 
not iheiebt i educed, since it Mould then indicate the piogiess of a type 
of stanation nliich may piove lapidly fatal But it is difficult to accept 
the peculiai symptoms of pcimcious vomiting as those of staivation, and 
the uimaii analyses aie m some nnpoitant lespects quite diffeient 

Among the chief distinctions aie the inconstancy of acidosis, the 
occunence of high total ammonia without acidosis, and the high piopoi- 
1 ion of anudo-acid nitrogen These signs point to a deficiency of uiea 
foiming function possibly to defective desanndation, leading to degen- 
oiatne changes m the livei and other oigans and to a fatal collapse of the 
chemical contiol of the organism The clinical condition shous a 
sinking ie=emblance to that desenbed by Minkowski aftei extupation of 
the Inei 01 following the Eck fistula Accoidmg to this view, which 
assumes the existence of injured oigan cells, theie is loom for the belief 
that an excessive neiuotic element 01 seveie acidosis 01 mdol poisoning, 
may stamp ceitam cases with peculiai feaiuies It is piobable ilia t main 
of the fatalities m this case aie due to delajed cliloiofoim poisoning 
Yet obstctncians continue to use this anesthetic fieely 

It is not an mfiequent expenence to find that peisistcnt tombing m 
the eailiei months of pregnancy is followed attei an mteital hv albu- 
mmuna and latci by the pre-eclampsic slate of Edgai. 01 by eclampsia 
with modeiaie 01 pronounced neplmtis Tlie obsenations on acidosis 
fluey ^ome light on this sequence of etenls In mam expeumental 
foims of acid intoxication beginning with the discoveiv of Ivnb/s coma 
casts, v Inch I have observed m hydiochlonc acid poisoning, m the ex- 
penments on the toxicity of acetone compounds, and m many clinical 
studies, it is app.u ent that piolonged acidosis tends to set up neplmtis 
Diabetes for special leasons is a paitial exception to this mle, and let 
it is extiemely laie for diabetes to piote fatal without active nephutis. 
Of the mechanism of this i elation little is known, but the fact that it 
exists is sufficient!! attested and should encourage efforts to combat 
aculo c is whenetei it appeals, especially in the toxemia of piegnanet 

Cyclic YorumxG 

Iheie aie several tipes of peuodical vomiting m childien and in one 
of these acidosis is piomment and acid intoxication has been uigcd as the 
e-scntial patliogemc factor Theie is a puiely neurotic vomiting de- 
mibed by Leiden Beymond and otlieis. a second tipe lefeiable to 
enois of diet and relieved bj the lomitmg and purging, is described m 
dm connection bi Eenwick. Symes and Gee and it is obuous that am 
° { t!ie fiictenal causes of gasrntis m childien max act penodically 
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Chai actonslic mche Aomiimg occrns only m childien, usually m 
nemolie subjecis. at fiequent intervals, not connected with dietetic 
ci 1 01 s, and not iclievcd hj vomiting oi purging. The vomiting is veiv 
-e\cic. and the \omiius ma^ contain mucus, bile, blood, acetone, and 
mdol. and is accompanied by gicat prostiation, thirst and emaciation, 
but not by pam Theie is lestlessness, headache, and theie may be de- 
lniuni convulsions and coma The temperature may be subnormal or 
nee to 110 F 'Rcspnation is lapid, sighing and megulai The attack 
uMiall} lasts but a few da> c , but rnaj be continued foi tuo ueeks oi 
pi o' e fatal in foil} -eight hours Recurrence is common The urine 
bctoic the attack may contain much mdican, mci eased une acid, and 
'ome acetone duimg the attacks it is diminished with less mdican or 
mie acid, moie acetone compounds, and often uitli albumin, casts, oi 
blood 

Seveial tbeoiies of the natuie of tins disease have been maintained 
The tlieoiy of a gastnc neuiosis applies to one predisposing element 
Pachfoid heheies that the malady is a lithemic condition allied to 
nngiaine, and m one of Ins patients the attacks changed to migiame as 
the patient gieu oldei Excess of uric acid has been found m the mine 
by Peppei, Holt, Gnffith, Yalagusa, and Comb} r , and appeals to be a 
veiv constant featuic of the disease 

The acetone compounds have been found m the unne and bieath by 
Maicy, Edsall, Mai fan and otheis, and Edsall has urged that the disease 
is a foim of acid intoxication 

Seveial obsei rations favoi this hypothesis Although quantitative 
estimations of the acetone compounds have not been made , the reactions 
m the urine lime often been pronounced, and the breath may give a 
stiong odoi of acetone Acetone may occur m the urine before the 
attack (Mai fan) It may appeal m the vomitus, suggesting that the 
vomiting is an eliminative mechanism Edsall states that the lespiratorv 
clistuibanee resembles that of diabetic coma and he strongly recommends 
allcali theiapv, while he and Pierson asseit that they have cuied some 
and prevented othei attacks by this method On the other hand, the 
acetone compounds do not appear to be present in quantities sufficient 
to account for the seveie symptoms, and their toxicity is slight These 
substances occur very readily m children not presenting the symptoms 
of cyclic vomiting (Bagmsky, Langmead) The resemblance of the 
dyspnea to that of acid coma has not impressed the majority of obseivers 
The good effects of alkali therapy here, as m diabetic coma, may be 
referable to other actions than the neutralization of acids (Shaw and 
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Tube) Mlule this iicalmcni maj fail and otliei fonm of tieatmeni ma.\ 
be equally 01 moic eftectne (Gnffitli Shaw Tube and Maifan) 

The leseaiclies of Howland and Ihchaids haio gone fai towaid 
elueidaiuig the natuie of cyclic vomiting m clnldien In a =enes of 
cases they found acetone compounds and lactic acid, a use m (he latio 
of neulial to o\idi 7 ed sulphm, and heaii mdicanuna, which diminishes 
dining the attack All these unnaiv sums tliev mterpiet as eudence of 
deficient oxidation bv the hoc!} cells Tliei aigue that the use in unc 
,icid must lepiesent endogenous nucleo-pioteid metabolism since ex- 
ogenous souices of unc acid aie leduced with the scant\ diet of the 
patients 

The appeal ance of acetone compounds and lactic acid can not be due, 
tliei think, to lack of caibolndiatcs since the symptoms appeal too 
soon — tliiec to foui houis aftei a full diet — and must be lefeiable to 
iaihnc to bum caibolndiatcs and fats piopeily They attach meat im- 
jioi lance to the presence oi much mdol, phenol and skatol m the mine 
Befoie the attack mdicanuna is gicatly mcieased, indicating increased 
intestinal putiefaetion While mdol is compaiatively non-toxic m the 
healthy oiganism the} show that w lien the animal's detoxicating powei 
is leduced b} slight poisoning with potassium c}anid 01 chloiofoim, or 
In asplnxia mdol becomes extremely toxic, pioduemg lomitmg, liema- 
tomesis, blindness, comulsions, and death In dogs tlius poisoned by 
potassium ciamd 0 25 to 0 5 gm of mdol produced veil maiked simp- 
toins although IS gm oi mdol liaie been found innocuous m healthy 
animals In then poisoned dogs the excietion oi mdol as mdican was de- 
laicd and less was found m the mine than ivitli noimal dog- This ob- 
^enation indicates that the amount of mdican m the mine i- deteimmed 
not meielv by the amount of mdol absoibed but bv the capaciti of the 
oiganmn to combine with sulphuiic acid and exciete it as mdican I 
have lepeatedh found that mdican deciea c es or completeh disappear in 
the mine duimg attacks of migiame m patients who exciete lame 
quantities, beloie and aftei the attack 

Howland and Kichaids conclude that cichc \omitmg lemlls tioin 
deficient oxidation hi ought about m piednpo^ed subjects bi non on 5 
distmbance, and leading to failuie to detoxicate pioducts of intestinal 
putiofadion and of internal metabolism 

lint the subject*? of oclic lomitmg mtTei fiom =evcie autointoxica- 
tion is indicated not onh bx the uimaii signs, but b} the extensile man- 
ular and fatti degeneiation of the Inei and kid news lecorded in the 
imopsies of Gnflith and Main and obsened m mam otliei condition 5 
Kvompamed In audo-n 



}SS ACIDOSIS AND ASSOCIATED CONDITIONS 

Iheic i s also good xeasoii to believe that mdol is a piomment toxic 
agent m this disease Since similai evidence has not been obtained of 
the toxic action of acid pioducts of metabolism, and since the quantity 
of these acid pioducts exacted has not been determined, and since the 
symptoms and lesions of the disease aie not those of the most piobable 
manifestations of simple acidosis, I think one can not endoise the view 
that C} r clic vomiting is a foim oi acid intoxication, with extensive loss 
of ti c sue alkalies It appears to be lather a complex distiubanee of 
metabolism oecuning m neuiolte and predisposed subjects, m which 
inpid binning of body fats, defective function of the livei, and poisoning 
h\ intestinal putiefactive pioducts aie combined Studies on the 
miiogen paitition, espccialh r tlie ammonia and lesidual nitiogen, quanti- 
tative estimations of the acetone compounds, of lactic acid, and of the 
alkalescence of the blood are needed m tins field* and are essential befoie 
one can estimate the 1 dative impoitanee of these factois 

/ 

Aotdosjs Auer Anesthesia 

Bcckei, who fust studied the acidosis following anesthesia, found 
acctonuiia m two-thnds of all subjects It was moie maiked m women 
than in men and most pionounced m clnldicn, appealing m the fiist 01 
second poition of nunc passed, and lasting eight 01 nine days It w r as 
uninfluenced by the length 01 ehaiaeiei oi the naicosis, and occmied 
aftei one minute’s inhalation ot biomethei Abiam found acetone m all 
of 25 cases, but m 9 Legal’s reaction appealed only in the distillate 
Ethei seemed to ho less effective than chloi of oim Waldvogel obseived 
acetomuia m tlnee-iouiths of fifty cases, demonstrating diacetic and 
oeta-oxybutyuc acids m tiniteen cases on the first day The highest 
amount of beia-oxybutync acid obseived ivas 2 5 gm m eighteen horns 
fn two cases acetone compounds iveic at fiist absent and consideiable 
gl)cosuua occmied 

The fatal effects of anestliesia m diabetes , oi winch Beekei collected 
thuteen cases, seemed thus to leceive a p.utial explanation, since it ivas 
eaily seen that existing acetoniuia was made woise bv the anesthetic 
A duect toxic origin of this form of acetonuna seemed obvious, but 
Waldvogel attempted to piove that it was chiefly leferable to the witli- 
diaw r al of food in the pieparation foi the anesthetic, and to the subse- 
quent vomiting In several cases he w r as able to show r that acetonuna did 
not appeal if tlie patient was anesthetized on a full stomach and did 
not vomit aftei xecoveiy Yet, since childien of 6 to 9 yeais, whom he 
allowed to fast for seven hours, failed to show increased acetonuna and 
since the influence of caibohydrate m lelievmg the acidosis fiom cliloio- 
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jonn was mucli slouei than m simple siai ration Waldtogel forced 
to conclude that a dncct toxic action ot the anesthetic was an impoitaut 
lactoi in pioducmg the acidosis Baidu m, m a stud) of foil) -one cases, 
gaie 23 to .30 gm of glucose to six patients without eudent effect on the 
acet omnia 

It ha'; been shown m dog- (Mai um) and assumed foi man that 
acetone does not appear m the mine until the gheogen of the lnei has-- 
been consumed and no more caibohy di ate is available But the im- 
mediate appcaiance of acetone aftei anesthesia shows that this comse 
of physiologic events is not mvanable and points to a dncct mteifeiencc 
with caiboh)diate consumption excited by the chloiofoim The veil 
eaily appeaiance of fatty degeneiation of the livei aftei chloiofonn 
naicosis is of snnilai mipoit 

It has long been known that the dangeis of chloiofoim, and to a less 
extent of ethei aie not exhausted m its immediate effects In lecent 
teats attention has frequently been diawn to the oecuiicncc, chief!} m 
child] en, of a type of delayed chloiofoim poisoning, in which the patient 
aftei moie oi less complete lecoveiy fiom the anesthetic, aftei a few 
horns oi claxs, fell into a state of fatal intoxication maiked by vomiting, 
acetonuua, acetone bieath, extieme piostiation, albummui la cyanosis, 
nenous excitement, followed by delirium, coma, and death 

Gutline, m 1S94 and again 1903, emphasized the fiequency and mi- 
poitance of this peculiar intoxication legaichng it as a icsult oi chloio- 
foim poisoning added to a pie-existmg fattv degeneiation of the livei. 
So pionounced was this change m the li\ei and so much did the s\mp- 
toms lesemble those of acute yellow atiophy, that he was inclined to 
belieie that the tw'o conditions w r eie closely iclated, and he lefened to 
ca«cs of acute yellow atiophy following opeiation collected by Schenck 
and by Ballm m suppoit of this new 

That these cases mat be accompanied by maiked acidosis was ‘-hown 
by Biewei m 19 02 in a ienn alcalde case fatal tlnee days alter opeiation 
foi acute appendicitis m which considerable amounts of acetone and 
ducenc acid wcie found 


Biacket Stone and Low and laier Kelli hate lepoited a c encs of 
ci-es of tins general ape occmung m young childien at the Bo=ton 
t'it\ Hospital The patients weie as a lule latliei poot subjects foi 
Pencil tieatment =ome stiff ei mg fiom infantile paiahsis or intestinal 
"hstiuction one sfcms to hate ocen subject lo cyclic i omiung and aV 
exhibited o neurotic iendoKt winch was nor impiotcd hi hospital -ui- 
* ‘vndmgs Tn «ix ca=es the simpioms developed v ithmtt operation and 
viio o r lK=e was fatal hut most m the =ciert cases ckcuiied afux inf-- 



lf| ° WIDOSIS AND ASSOCIATED CONDITIONS 

ihcsm In cthei The guide of acidosis Mas piobably not severe, as Joslm 
found onh 0 142 gm of acetone in flic mine from a patient dying twenty 
houis aftei opei ation At autopsy extensive fatty degeneration of the 
livei and kidneys w as found Tieatment by fat-fiee diet and bicaibonate 
of soda ceemed to have good effects in some eases, but not m otheis, and 
no bettci than those following salt infusion Latei Stiles and McDonald 
(1904) picsented a full clinical and pathologic pictme of delayed ehloro- 
foun poisoning, assuming that it is a fonn of poisoning by acetone 
confounds, and a mmilai conclusion ivas leached b} r Gaimichael and 
Beattie the latter authors excluding eonstitutio lymph atica m their 
casc= Beian and Favill. m a full review of the subject, cite seveial 
cases of acute yellow aliophy of the livei following anesthesia, m which 
group then own case seems to fall They stiongly emphasize the dangeis 
of chi oiofonn anesthesia m predisposed subjects and conclude that the 
chlorofoim duectly mjuies the livei cells wdnle the acidosis is a see- 
ondaiy and eompaiatnelv unimpoiiant featuie of the intoxication 

Theie is no doubt that the cases included m the foiegomg repoits 
lopiesent a heteiogeneous gioup of conditions, of winch acidosis is a moie 
or less constant feature None of the authors bungs foiward satisfactory 
evidence fliat acid intoxication of any form is a prominent factoi m the 
symptoms but the occurrence of tins type of fatal intoxication is not 
only of gi eat piactical importance, but has lathei decisive bearing on 
the geneial question of the significance of acidosis and acid intoxication 
These cases demonstiate a Ingldy toxic condition with extensive nrjuiy 
to oigan cells m which theie is maiked acidosis, and thus they emphasize 
the toxic element m some othei forms of acidosis They leave unde- 
-tei mined, as it appeals to me, what part, if any, the acidosis plavs m the 
sj m p toms and fatal issue, but many of the cases suggest that the sudden 
burning of body fats when the livei is senously mjuied is a piocess that 
2 nay become dangerous to life Yet tlie observations aie quite inadequate 
to pi ore tlie real chaiacter of the underhung distuibance of metabolism 
In some cases of delayed chloioform poisoning and of acute appendi- 
citis fatal after opei ation I have found very low urea, lathei high am- 
monia and excessive residual nitrogen, suggesting that tins is a condition 
m winch the uiea-formmg and other functions of the liver are fatallv 
deficient Further systematic urinary analyses are essential foi the 
.correct interpretation of this group of eases There are many reasons 
for supposing that it will be found to follow the prototype of the intoxi- 
cation following extirpation of the liver, oi the Eek fistula 

From the piactical side tlie observations on delayed chloroform in- 
toxication aLe of much value, since they serve to define an important 
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paiticulai in Minch ceitam subjects may be lecogmzed as bad suigical 
lisKs It is the consensus of opinion fiom which onh Cannichael and 
Beattie di**cnt, that the intoxication occuis only m piedisposed subject* 
ol neivous tempeiamcnt, and weakened by fatty alteiations of the Inci, 
and one need not assume the existence of fait} degeneiation in oidei 
to explain the weakened state of the oiganism In view of the man's 
un bn 01 able factois, as youth, previous clnonic malnutution 01 disease 
and anesthesia, v.dnch seem to coneui m pioducmg the fatal lesult it 
111a} be necessaiy to reopen, foi this gioup of cases, the question of the 
dnect toxicity of salts of the fatty acids In any event attention ma\ be 
called to this gioup of cases as a most favoiable field foi the stud} oi 
pioblems 1 elating to acidosis 

Miscellaneous Clinical Types op Acidosis 

Tlieie lemam foi consideiation seveial clinical conditions in which 
von Jaksch believed he could lecogmze the effects of acetonemia, but m 
which latei investigations have shown that the acidosis is the lesult and 
piobably not the cause of symptoms and that the acetonuua is not the 
lesult of absoijition fiom the intestinal tiact, but the sequel of cai no- 
li} diate staivation Undei the title of “acetonuua iiom digestne dis- 
tui bailees' have been descubed a heteiogeneous class of ca*es maiked bv 
\ minting and dianliea, acetonuua, and a vanet} of neivous sjmptoms 
Minch the oidei authois weie disposed to lefei to acetonemia In this 
field it is extiemely difficult to attempt any classification 01 to tiace 
the influence of many factois concerned, but seteial somewhat coheient 
gioups of cases may be lecogmzed 

One oi these has been scpaiatcl} consideied a* “melic vomiting of 
(h’ldien In addition to this somewhat special lecuirent t}pe, the 
oidmaiv gastio-ententis of infants has been found associated uitli the 
picsence m the mine of all the acetone compounds, and the nenous 
''Miiptoms oi man} of the cases suggests a ldation to acetonuua (Veigeh, 
Sch lack Engel) In the extensile leports oi ion Jaksch and of Loienz 
one find* mam cases of digestne acetonuua uitli epileptiiorm comul- 
sions Mhich, on inspection, one must attribute to a gieat main difieient 
diseases as eclampsia uremia, lead poisoning In drocephalus chronic 
meningitis, eic 

C'a=*aet ha* isolated lnghh toxic alkaloid* from the siool* of such 
patient* showing much acidosis and it is much more reasonable to ai- 
tiiluito the sunptoms to tin* class of substances rather than to am form 
of nudons 
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coma m surmcuNi 

*r<jnui d\epepticum* is a teim applied io a gionp of s}mptoms de- 
seiibcd In kitten and obscncd b\ him m five eases AXtei a shoit penod 
of di «pepsia icfei able to giiois of diet, the patients began to suffer from 
piosfctation chillmc'S, anoicxia, thnsl, constipation 01 diarihea, and 
occasional \omiinig soon followed bv pionounced neivous disturbance, 
headaclie leulessnes? and excitement waiving with depression Later a 
pionounced odoi of acetone on the hi call), and maiked feme ehlorid 
leaction m the mine appealed, and the patients became dull, apathetic, 
and semicomatose After two 01 tlnee da}s recovery followed with 
dmappeaiance of the acetone Although gl} cosum was absent Litten 
legal ded this condition as lelated to diabetic coma The 1 elation of 
accionmia to coma dyspepticum appeals never to have been deteimmed 

VSTIOr 1 ACLTOXICUU, hysteria axd obstipation - 

The "asthma acetomeum ' of Pawmski has long been lecogmzed as 
uremic r minting and nephntic dvspnea 

In hvstem with vomiting high giades of acetonuria maj obviously be 
attributed to stanation, but the piocess may neveitheless be toxic In 
cases of obstipation ven stiong acetone reactions have been obtained m 
both ui me and feces, but nervous symptoms such as might be attnbuted 
to acetonemia are inconstant or absent (ef Lo ienz, case 37) 

In all the above groups the lack of relation between the neivous symp- 
toms and the giade of acetonuna, the appeal ance of acetone aftei and not 
before the onset of symptoms, and the existence of many othei probable 
sources of neivous symptoms, strengthen the belief that the acetonuna is 
the lesult chiefly of caibohrdrate staivation and that the acidosis is 
usual!} a secondaiy and negligible factor 

The possibility that acetone compounds absoibed from the intestine 
contribute to the symptoms has been frequently mentioned (Vergeley), 
but is not strengthened by the relatively small amounts of these sub- 
stances so fai demonstrated in the gastiomtestmal contents (Savelieff 
Bagmslcy), while any possible toxicity of the fatty acid derivatives is 
i ery f ai below - that of indol and other putrefactive products The fattv 
stools of milk-fed rufants have perhaps not been sufficiently studied from 
this point of view Excess of fat m the food increases acetonuna, aud 
carbohydrates diminish intestinal putrefaction (Hirsehler) Hence, 
there is perhaps still some reason to believe that in some cases acetonuna 
in digestive disturbances may he partly referable to intestinal absoiption 
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acidosis or CAN CL I! 

Among the i}pes of aceionuiia defended In \on Jaksch was that oc- 
ciiinng m tlie laie stages of gastue carcinoma m ceitam vell-nomished 
patients who suileied fiom seveie vomiting Some of these patients 
passed into coma and it was pointed out b) Biess and Litton that suf- 
feieis fiom this coma often exhibited the “giosse Atmung ' of Kussmaul's 
dtspneic coma of diabete 5 Ton Jaksch stated that these patients were 
not alvats sutlenng fiom starvation, that Lie acetonnna might appeal 
nnexpectedh m the disease and that it* appearance sometimes maiked 
the onset of a seveie tjpe of cancel oils cachexia 

In two cases of esophageal and gastne caiemoma with t)pical Kuss- 
maul ^ coma Klempeiei demonstiated a dailv loss of mtiogen on balance 
of 3 to 0 arm indicating toxic destmction of tissues^ and theie veie 
abo «mall amounts of beta-ox-^ but} nc acid m the urine Ivlempeier 
concludes that m both cancer and diabetes the coma, the destiuction of 
tissues and the acidosis, aie the result of a geneial toxic piocese, but that 
m neithei case does the acidosis produce the coma l 7 Mullei had 
pieiioush shown that nearh all cases of cancel lose mtiogen on balance, 
and AValdvocel suggests that destmction of protein tissues maj lery veil 
be associated v ith toxic destruction of fats and thus give use to acidosi= 

It is evident that m most cases of cancer coma the patients aie undei- 
nounLied oi stalling and that inanition is the chief iactoi m this Jtoim 
of acidosis Von Xoordeu finds that acetonuna is absent m cancel when 
the null mon i= good and begins to appeal when the de=tiuction of pioteid 
tissues becomes eudent AValdvogel failed to find mciea=ed acetonuna 
m seieial advanced cases of cancel m which Lie patients veie well fed 
and Ilmchfeld lelicoed the acidosis m such cases In gmng «ugar It 
net ei theless appeals possible that the extensne burning of bod\ fats and 
pioteins m a cachectic oigannm max be one of the factois le^pomible 
foi 'omo of the sudden teiminations of caiemoma 


ACIDOSIS IX PSYCHOSIS 

The piommence of nenous sxmptoms lends special intei eL to tin* 
acetonuna of p=\choses xet m this field theie ha= nexei been a -none 
tendentx to leiei the neixou- svmptoms to acetone pononmc oi and 
intoxication Tuczek first obsened diacetic acid m the uime m p=uho=< ; 
vhen the patients weie fa=tmg, while von Jaksch vns unable to pi ox. 
Liat aictonuna was at all constant when such patients were mil non i-lw * 
J nuxge houeuo as=ened that he was able to detect p:ciJia r chma. .• 
m certa.n p-\cho=e- which showed a definite ’■J’ a*n j > a. ,r ,> 
h< l ••raided ■>? of mtc-iinal ouem. and {«». 1 'h *k n •an. mod 
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minimal antnep=is Thnt no such j elation exists m melancholia, mama 
and paie*is Mas fully «ho\m by do Boeck and Slosse, who found aee- 
ionuun m such cases only when the patients were inadequately fed In 
epilepsj acetone m ay appeal aftei seveie seizui es, together with lactic 
acid (Luthje, Araki) 

FEBRILE ACETOjS'UHIA 

In the extensne liteiatuie on thm topic one finds fuither illustration 
ot the mle^ go^intng the occunence of acetone compounds, hut no 
indication that acidosis is a necessaiy 01 significant leature of the febrile 
pioees^ 01 that it contnbutes to the common symptoms of infectious dis- 
eases Von Jak«ch found that it usuall 3 r — but not always — bore a rela- 
tion to the height of the fevei, but it was inconstant m oceuirence, reach- 
ing a giade (maximum 500 mg) eonsideiably loner than that of 
•donation oi diabetes and uithout definite lelation to prognosis In 
childien ns usual, it becomes most pionounced In pneumonia of chil- 
dien Pfaundler obsened acetonuna m twenty-nine of fifty cases In 
adults Engel, m fne cases, saw modeiate but variable increase Lambert 
and "Wolf, m a senes of eases, lepoit lather pionounced meiease m the 
total ammonia, indicating consideiable acidosis 

In typhoid feiei the acetonuna is moie marked and constant but by 
no means mvanable Engel found a maximum of 226 mg acetone m 
seven cases In two of these acetonuna and diarihea were absent 
Fiaenekel fiequently saw initial acetonuna disappear when a moderate 
amount of food was given As judged by the ammonia nitiogen in a 
senes of cases I found typhoid fever to be strikingly free from acidosis 
Even until an antemortem fall m net urea the ammonia did not rise above 
10 pel cent and usually lemamed within normal limits The occurrence 
of veiy toxic cases of typhoid fevex and of terminations m acute 
yellow atiophy show that this disease may be complicated b} r severe types 
of autointoxication (Ewing), and among the factors concerned may pei- 
haps be found severe acidosis from burning of body fats and decline of 
hepatic function 

In measles and seailet fever Kulz early detected beta-oxybutvnc acid 
In a ease of scarlatina in a woman of 31 years Litten describes a typical 
case of KussmauTs coma with marked acetonuna which disappeared with 
lelief of the coma 

That the element of partial starvation is concerned in febrile 
acetonuna is conceded by all observers, but many have expressed the 
opinion that a toxic destruction of tissues is also to be considered as a 
factor Botazzi and Orefici show that m diphtheria the acetonuna 
leaches its maximum at the time of greatest loss of nitrogen balance and 
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is piompll} i educed by antitoxin Blumenthal found m streptococcus 
infection a special tendency to cause acetonuiia The inci eased acidosn 
obseived in diabetics sulleiing fiom febnle di c ease points to a toxic 
piocess (Ebstein, Engel) The caihon dioxid content of the blood is 
gicatly leduced (Loeyvy, Mun7er, Mevei) and tbc titiatable alkali is much 
diminished, 35 mg sodium h)diate (von Jaksch) 

Aftei a full consideiation of the complex conditions in yyhich febnle 
acetonuiia appeals, Walchogel concludes that it lesults from destniction 
of fats due to inanition and cell intuit and is influenced bv the natuie 
of the poison the location of the disease focus the instability of the fat 
tnsues and individual peculianties 

ACUTONURIA FROM POISONING BY DRUGS 

Vaijing giades of acetonuiia are observed aftei admmistiation of 
many chugs, as pliosplioius. aisenie, lead, phlond/m, antipynn, p^iodm, 
moiphin, atiopm, cui are, caibon monoxid and sulphunc acid In the 
action of all these tlieie appeals to be an influence of staivation, but also 
a moi e pioimnent toxic effect In some instances the toxic influence 
-coins to act Enough deficient oxidation, as yyith the hematoxic acrenK 
pyiodin, caihon monoxid and with pliosplioius With all of these the 
acetonuiia appeals vei\ piomptlv, may be me leaded by laigei doses of 
the ding and as a mle is compaiativel^ uninfluenced by any caiboln- 
diate that may be given (Walko Boon, AValdy ogel ) In phosphoi m 
poisoning acidosis appeals m the first boms but is not alyyays propoi- 
tional to the seventy of the intoxication oi to the chcosuna Sclnvai/ 
found m bieath and mine 0 61 mg acetone on the thud dav, 0 5G gm 
on the second day mostly m the breath, yylnle a laigei amount 1 31 gm , 
yyas detei mined on the second day of a ven nuld case Diacetie acid 
yy as commonly picsent but beta-oxybuty lie acid yyas neyei detected The 
acidosis yyas not influenced by caiboliy chafe feeding Muimei found the 
ammonia nitiogen regularly mcieased fiom 10 to 22 per cent (0 5 to 
2 2 gm) He legarded the mcieased ammonia as solely tbe icsult of 
acidosis m yylnch saicolactic acid yyas piomment and since admmisua- 
tion of alkalies i educed the ammonia yuthout aflectmg the symptoms he 
held that poisoning by ammonia salts did not occm lie usually detected 
acetone m maiked amounts 

The exact souice= of the acido=is of pliosplioius poisoning hayc not 
been finally detei mined It is evident that the acetone compounds me 
msufluicnt to explain it and most authors consider lactic phosphmit 
and sulphunc acids a= the duel c ouices Miui/er calculated that the 
ive-s oi mmm ammonia could all be referred to lactic, phosphoric 
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I pint t ic and OM -acids denvcd from increased dcshuction of pi oleins 
^ ^ ie ex ^ c,lle distiii bailee of the fat depots of the body, the splitting 
oil of falh acids and lecithin m the oigan cells (Maviah, Saxl), and the 
mteifci once with scieial noinial metabolic piocesses, give abundant 
oppoitunih foi the foimalion of acetone compounds, which Waldvogel 
and otheis belieie aic pionnnentl} concerned m the acidosis of plios- 
plioius poisoning 

Phlondzm pioduces acidosis m all animals, least promptly m tlie dog 
Accoidmg to Baei phlondzmi 7 cd dogs m mtiogen equilibrium show no 
acidosis, acidosis appeals onh when the glj cogen of the liver has been 
exhausted and pi oleins and fats aie being called on for eneigy The 
deinonstialion of this mle goiemmg the ajipeaiance of acetonuiia has 
thrown much light on the mechanism of action of the toxic causes of 
acidosis and is fuithei evidence oi the essential 1 elation of caibohydrate 
combustion to these foims of acidosis 

With the icmaining diugs which induce acetonuiia the giade of acid- 
osis is model ale, and the factois of malnulnlion and special toxic action 
aio lanously combined, but m none of them do the data seem to deserve 
special comideialion at this time fiom the clinical 01 theoietical side 


THE SIGNIFICANCE OF TIIE PATHOLOGIC ANATOM1 OF ACIDOSIS AND 
A CLASSIFICATION OF ACIDOSES BASED CHIEFLY THEREON 
Pathologic anatom} has been given a very scant healing m the de- 
datable giound of acid intoxication, but it has seemed to me that more 
impoilant clues might be obtained fiom this held than have yet been 
secured Indeed, notwithstanding all that may be said about the lack 
of 1 elation between histologic stiucture and functional capacity of oigans, 
I think it will eventually be pioved a grave error to associate togethei 
such conditions as diabetic acidosis, m which the livei is piactically noi- 
mal, and that of delayed chloiofoim poisoning, m which this important 
oigan ma} be nearly destroyed 

In the two experimental prototypes of acidosis, Walters acid poison- 
ing and Minkowski’s extirpation of the livei, the anatomic conditions aie 
entirely different In poisoning by Iiydiochloric acid tlieie aie no promi- 
nent anatomic lesions, while aftei various procedures foi eliminating the 
function of the liver, as the Eck fistula or injections of acid into the 
bile ducts, this organ becomes completely necrotic Reviewing the clini- 
cal types of acidosis, especially their pathologic anatomy, it appears 
possible to separate them into two rather distinct classes resembling the 
two experimental types above mentioned This division may be based 
nly in one, on the absence of anatomic changes in the viscera and 
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picsence oL oxccssne amounts of acetone compounds m the mine and 
foi the othei, on the occunence of maiked degcneiativc changes m the 
oigans and tlie picsence of much lactic acid In the foimei ca=e acids 
.ue pioduced m excess and ammonia is diveited to neutiali/c them 
Heie the founation of acids is the pmnaiy event while the diversion of 
ammonia is a eompensatoiv piocess In the lattei type ammonia appeals 
m excess, not to neutialize acids but fiom failuie of its svnthesis into 
uica, while the acids lesult paitly fiom failuie of uiea founation but 
also fiom othei factois m the disease Whatevei their souice some of 
these acids unite with ammonia, but this fact does not piove that the 
piocess is inciely compensatoiy 

Classification of Acidosis 
Group 1 — Type Hydrochloric Acid Poisoning 

Pathologic Anatomy Xo piommcnt lesion^ 

Pathologic Clicimstiv' Acetone bodies chiefly pioent, ammonia piopoitionil to 
these acids, amido acids slightly increased 
Clinical Foi ms Diabetic coma , Kussmaul’s coma stai \ ation 

Group 2 — Type Extirpation of Liver, Eck Fistulv 

Pathologic Anatomy Extensive fait}’ degenci ation 

Pathologic Cliemisliy Lactic acid abundant, acetone bodies less piommcnt, am 
inonia m excess of fait}' acids, amido acid nitrogen niticli inci cased, glucose 
frequently pi os on t 

Clinical Foims Phosphoius poisoning, pernicious -vomiting of picgnanev , acute 
yellow atiophy, eclampsia, delayed cbloiofoim poisoning, cyclic vomiting 

The geneial facts on which this division is based aie contained in 
pieuous discussions, but some fuither giounds mav be bneflv leviewed 
m its support 

Tn diabetic coma the uimaiv cliemutiv and the clinical symptoms 
obviously accoid with the type The livei in diabetic coma vanes ex- 
liemelv but m uncomplicated cases usually shows a striking absence of 
fatty degcnei ation In Xauiivn s senes of thntv autopsies fatty livei 
was found but once and that m a ease of spontaneous diabetes m a dog 
Minkowski lias collected many repoits most of which indicate that fatty 
liveis aie compaiatively late m diabetic coma Fatty liver occuned but 
•mce and m an alcoholic subject, among eleven cases of diabetic coma 
which I have tecently collected Theiefoie I conclude that fatty livei i~ 
not e=sontnl m diabetic coma m man and when it occur- mav luuallv 
be lefened to complications 

In stun at ion the oigans undeigo a pioce== oi c miple atiopm in 
which iauv changes aie not piommcnt (Moipurgo) In the f.m«i 
"i hunger ir dogs ihcie mav he a moderate dopo=u of f nr j,.t 
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ginnules m mail} gland cells but these disappear m the late stages 
(Nicolmdes) Extiomc giades of fattv degeneiation aie appaiently quite 
unknown m simple <dai vation In the nnne of starvation acidosis 
acetone compounds aie abundant and lactic acid scanty 

On the other hand, all the foinis of Group 2, except eclampsia, are 
chai act cn/ed in a lemaikable giade of fatty degeneiation of the livei 
and often of othei oigans In eclampsia fatty degeneration is usually not 
pi enounced hut acute degeneiation 01 autolysis is constant, and there is 
loason to icgai d this change as of more significance than the hemor- 
lliagic hepatitis 

In phosphoius poisoning, acute yellow atiopli), and eclampsia, lactic 
acid is moic pionunent than the acetone compounds, but m the othei 
diseases of this gioup lactic acid has not been fully studied, while the 
piesence of acetone bodies one maj lefei to complicating acidosis of stai- 
vation 01 toxic consumption of fats 

In the second moup the seventy of the condition is much greater 
than m the fh« t In diabetes and stai vation the metabolism of fats is 
defoci ne owing to lack of caibob}diate combustion, while the stiuctiue 
of the oigans does not suffer . but in phosphoius poisoning and eclampsia 
the livei and othei oigans aie severe!} damaged and their functions are 
gieall} dictuibed In the fiist group theie may be extreme acidosis with- 
out intoxication, m the other the excess of acetone compounds is slight, 
a moie definite toxic element is picsent from the fiist, and the metabolic 
disorder becomes complex 

Xencki and Halm, Hems and Stube, and Pick, attubuted the simp- 
tom following destiuction of the liver to poisoning by ammonium cai- 
bamate, but Lieblem concludes that excess of ammonium salts does not 
appear until the last stages of the intoxication and that the symptoms 
must be attubuted to the loss of other functions of the liver The physio- 
logic significance of caibamie acid lias not been satisfactorily deteimmed, 
owung to uncertainties m the available methods (McLeod, Haskms) 
The relation of this acid to the unnaiy ammonia m clogs with Eck fistula: 
is therefore uncertain 

In diabetic coma the abstiaction of fixed alkalies is very probabl} 
an lmpoitant factor, while m other conditions this influence appears less 
uiomment, the alkalescence of the blood is not gieatjy reduced, and poi- 
soning by ammonium salts, if we mai accept the hypothesis of Hahn 
and Hencki, dominates the clinical pictuie This hypothesis has not 
gamed general acceptance, but there is no doubt of the extieme toxicit} 
of ammonium salts as compared with that pf the acetone bodies, and 
am one who compares the toxicity of these agents m animals can not 
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fail to be impies c cd bv (lie comparative n aimlessness of the acetone 
bodies and cioleni nenons and lespnatoiy semptoms following iniection*- 
ammonia sail': Mendel has lecenllv tnged the possible nnpoi lance of 
t he toxicity of ammonium salts m acidosis, and it is me belief that llieie 
is much clinical, pathologic and chemical cudence to snppoit tins mow 
foi ceitam diseases commonly xegaided as tonus of acid mtoMcation 1 
am not prepaied to aigue that the mam symptoms of all these cli«ea c es 
aie caused by ammonia poisoning but only to state that the ammonia 
o\cietion m these conditions may and imialh does haee an entneh dif- 
feient significance fiom that attaching to it m diabetes and simple stni- 
cation 

Many tiansitional cases of acidosis undoubtedly occui, as the toxic 
element mcieases, as the scope of defective metabolism ecidens and the 
distuibance becomes moie complicated by visceial lesions, and it mac be 
that the tiansitional and complex cases aie so numcious as to destioc 
the significance of any attempt at classification In the toxemia of 
piegnancc, del a} ed cliloiofoun poisoning, and ceelic vomiting theie mac 
be extensive burning of body fats, and seveial factois ma} combine to 
laisc the ammonia With Wolf, I have previously emphasized the nn- 
poitance of otliei changes m the nitiogen paitition, especiall} of the 
anndo-acid latio, as a contiol of the ammonia and as indicating the 
influence ot otliei distuibances of metabolism quite apait fiom the signs 
of acidosis 

While the tepical cases of both classes seem to be quite distinct the 
piesent subdivision can be suggested onl} as an hypothesis the validity of 
cclnch must be detenumed by futuie investigations 

CONCLUSIONS 

hi a field cclnch piesents the most caned and peipfexing of cluneal 
phenomena m cclnch pathologic anatomc ofieis unceitam guidanre and 
m vlnch phcsiologic chemistn cclnle hacmg to deal ccitli mane uncei- 
tam technical methods encounteis such pioblems as the alkalescence and 
mn eoncentiation of the blood the ueneial significance of alkalies the 
moie complicated piocesses m mane depaifments of metabolism liiclud- 
ln ~ phcsiologc of piotems caibohcdiates and fats as evell as that 
0i Dime inoigainc pnnciples of the bode — m =uch a field it is not to be 
exputod that positice anscceis can be gicen to the mane questions that 
ate being piessed One must accait fuithei progress m collateral =r icnc< = 
bmne the significance of acidosis can be fully determined 

h is superfluous to time the need of fuithei ccoik in all d<*i»aitmcnt = 

u ’ 3 ^ ' lll dc Prominent amoim the iemnicment= =ecm to be tlu •omnl - 

* 



oOO 


WIDOW 8 AM) A880CI11ED CONDITIONS 

fieation of technical methods the fmlhei elucidation of the alkalescence 
and acid-neuti alining function of the blood, the study of vauations in the 
alkali content of the oigans, of ilie quantities of acetone compounds and 
other acids m the hloocl and organs of many diseases, the toxicity of acid 
substances and othei metabolic pioducts when combined with pre-existing 
lesions of the oigans, and the more complete picture of nitrogenous 
metabolism m diseases accompanied by acidosis 

In the pui suit of these topics it should be lecogmzed that the sig- 
nificance of acetonuiia and of the results of many clinical methods of 
mine and blood analysis is not yet clear enough to lender simple quali- 
tative tests of much value, 3 et the impoitance of woik of this type, if 
only fiom an educational standpoint, should not be underestimated At 
the same time it must be uiged that genuine piogress can be attained 
only by the most accurate methods of fully equipped chemical and patho- 
logic laboi atones systematically applied m eoopeiation with clinicians 
under ideal hospital facilities 

The demands of the future need not, however, obscuie the impoitance 
of the lesulis already seemed The woik on acidosis is a fundamental 
chaptei m medical science revealing m a tiustwoithy manner the exact 
natuie and degree of a distuibance of metabolism which is of widespread 
occunence and of purne significance m many diseases 

In the hands of the clinician it places a means of diagnosis and an 
insight mto the nature of disease which entiiely escape the leach of 
foimei methods of clinical study 

To the pathologic anatomist it has disclosed the mam factors in the 
pathogenesis of fatty degeneration, and has given to the much-contemned 
autopsy finding of fatty liver a definite, new, and lively mteiest head 
m terms of physiologic chemistiy, acute degeneiation of the livei be- 
comes a topic of /list impoitance to the pathologist 

Tiom the standpoint of physiologic chenmti) the lesults seem to 
show that acidosis with the presence of acetone compounds usually result* 
fiom abnormal metabolism of body 01 food fats and to a less extent of 
proteins, m winch defective consumption of carbohj chafes is an essential 
factor, and excessive excietion of ammonia a purely compensatory process 
In many cases, howevei, there is a toxic or specific element which 
interferes with consumption of carboln cliates, even when these aie pies- 
ent, and leads to a lapid and dangeious binning of body fats 

In a third group of eases the excess of ammonia excretion is not a 
compensatory piocess, but the lesult of disturbance of urea formation, 
and lactic and othei acids appear m excess 
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The iheiapenlic mipoi lance of the doelime of acid intoxication has 
alwa;^ been iecogm/cd and sometime 6 * peiliaps, ovci estimated It seems 
io be tune that the idea of a fatal absli action of alkali m diabetic coma 
should gne place to unbiased seaicli foi otliei factois in tins disease 
some of Minch may be affected bv tieatment It is not neccssaiy to deny 
the existence of acid intoxication m oidei to lecogmze that the alkali 
tieatment of coma has been a signal disappointment While this tieat- 
mcnt ceitamtly deserves a place m the tieatment of diabetes, its place 
must be secondary since tlieie is no claim that it favorably influences the 
essential piocess m the disease The remarkable antiketogenic effect of 
gh conic and glutarie acids suggests a new hope m the treatment of 
diabetic acidosis, but I learn that this hope has alread} met with disap- 
pointment This lesult meiely emphasizes the fact that diabetic coma 
is 'something moie than acid intoxication 

On the otliei hand, it is not necessaiy to knou all about the oiigm 
and pathogenic lelations of acidosis to see the clcai indications that, 
uhoneiei piesent, it should be combated by caicfully adjusted diet, by 
otliei hygienic measuies, but chiefly by pioplnlaxis Heie lies the gieat 
piactical value of the studies of acidosis, and it n r ould be difficult to 
o\ ei estimate the impoitance to the piactitionei of a detailed knou ledge 
of all depaitments of the subject, and an ability to follow up its clues, 
especially m admmisteimg anesthetics, m the choice and piepaiation oi 
subjects foi opeiation, m the management of piegnancy and laboi, m the 
contiol of gastiomtestmal diseases of clnldien, and m the geneial plan 
of dietetics m disease 

The study of acidosis slious one thing cleaily that the feeding of the 
healthy man, as veil as the diet of the sick, can not be left to chance, 
guided by appetite, or luled by tradition, but can be safely dnected only 
aecoidmg to the laus of digestion and metabolism 

Cornell Luboiaton 
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THE INTESTINAL LESIONS CAE SEE BY TRICHINELLA 

SPIRALIS IN BATS 

CHAINING FROTHIN' GUAM, JR , MD 

BOSTON 

In a found publication 1 the lesions caused by Tnclnnella spnahs m 
man weie descubed The mteistitial lesions m this case weie not pie- 
seived on account of postmoitem changes The object of this woik has 
been to stud} the intestinal lesions caused by the TnchineUa spnahs and 
the mode of entiance of the embi}os As human tissue w as not available, 
white lats iveie used 

Askanazy, 2 woilong with labbits, descubed the following intestinal 
lesions metamoiphosis of cylmdei cells to beaker cells, desquamation of 
the epithelial cells m lows, supeificial neciosis of the points of the villi 
with hemoiihage, destiuction of the glandulai stinctuie with invasion 
by leucocytes, and dilatation of the lymph spaces wdncli are filled w ith a 
fine granulai mateiial He asserts that an adult female, aftei winding 
heiself about a villus, pieices the epithelium and connectne tissue and 
finally penetiates into the cential lymph space of the villus Sometimes 
a whole adult w r as seen coiled up within the lymph space The mahout} 
of them weie m the mucosa, but Tarely one was m a 1} mph space of the 
submucosa He descubed the embi}os as fiee m the lymph spaces of the 
villi submucosa, muscle, and subserous layeis, also embiyos as fiee m 
the connective tissue The latter he eonsideied weie bom fiom adults 
that had not leached the central lymph space Theiefore, he eonsideied 
that the majouty of the embi}os weie born m the l}mph spaces, but a 
few weie boin while the adults were within the connective tissue It 
seems that probably lie has mistaken a glandulai ci } pt, winch contained 
a pai asite, foi a 1\ mph space This was due to the fact that the epithelium 
wa^ entiiel} wanting, and that the enpt, on account of the plane of the 
icnrt ion was suirounded by connectne tissue 

G lab am," woikmg with lats, lepoited ditlercnt obsenations ne 
states that the adults lie m the glandulai enpts with the epuhehum 

*1 rom the Laboratory of the Department of the Theory and Pi lctice of 
llmird Uimeisita 

1 1 lothmgham Jom Med Research mOG JS3 
- AAiiha An chow « Arch f path Anat ISOd e\h 12 
'> '-n'inn Aicli f mihr Anat, 1S07, ), 2m 
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peeled off, and that they larelv penetiate the connective tissue and then 
only for a shoit distance 

Askanazy and Giaham, therefore, do not agree on the lesions pioduced 
by the parasites 01 the place ot bath of the embiyos That the embiyos 
aie m the hmph cuculation of the mesenteiic glands, and go by this route 
to the geneial cuculation, is now consideied a fact Staubh , 4 m a recent 
article, reviews the literatuie on this point and adds a few more observa- 
tions m support of this view Wliethei some of the embiyos entei duectly 
into the blood stieani m the intestines is undecided In the case which I 



Fig 1 — Rat 3a Part of an adult female tnchinella which has pieiced the 
epithelium of a mIIus, woihed along between the eonneetne tissue and the 
epithelium, and emerged again (X 450) 


lepoited 1 an embno -was found fiee m a livei sinusoid, of couise 
this may have leached tlieie thiough the general cuculation instead of 
tluough the poital cuculation It still lemams to decide the place of 
hath of the embnos then loute fiom then bnthplace to the mesenteric 
glands and the lesions caused m the intestines by the paiasite 


4 St uibli Deutsch Arch f him Med, 1905 0 K\x\, 2S0 
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The ialc used m thi= woik weie fed meat iiom an infected cat oi iat 
V c postmoj tern change- o< cm xen «onn m the intestines nnh tho-e iat- 
weie studied uho-e intestines weie h\ed m Zenkei s fluid immediate!} 
uftei chloiofoimmg K\en then in Ifal 3c which wa« monimnd, docen- 
eiatne chancres weie pie=ent «nrilat to po«tmoilom degcneiation Aftei 
Zenkei fixation the ti=mo was mounted m paiaflm, cut m seual section 
and stained witli eosm and methclcne blue Tlie following description 



tie 2 — l’tt 1< An id nit nulo tiuhimlli which hi- wotlcd down into n 
/I indtd ti i i i pt 1X1271 


(Vpiiid- on point- lnmnrht out in the sections of font iat = nnmheicd 3a 
’h U tnd U Hit 3i was fed infected me it f\<lu-i\e!\ foi tuc!\<_ dac = 
’iid k ,5 Ud on the tlrttcunh It if Hi m; fed infected men alone: nnh 
<>t!ei Slot lot twiUi da\ = lj sm\n<d tlie nim'ion md Idhd fotir 

* j’ » "'t i' - i m i Kit 1< u i- 2 . cm on* i< d.ntr of ni« o*d no*'* <*n 1 f -rnj 



50S 


INTESTINAL LESIONS FROM TRICHINELLA SPIRALIS 


stomach and was killed while moribund, three days later Eat 4c was 
given one feeding oi infected meat on a fasting stomach and was killed 
nine da} s later 

The stomach was considerably dilated m Eat lc and m others that 
died within a few days of the original feeding In none of the rats had 
the parasites entered the gastric mucosa 

In the intestines both male and female paiasites the latter m some 
cases before lmpiegnation, had entered the mucous membrane, as shown 



Fig 3 — Rat lb An adult male tiiclimella pieicing the epithelium of se\- 
eial Mill ( X 450) 

by Eat Ic In the severe infection of Eat 3a the parasites enteied the 
mucosa within a few millnneteis of the pylorus, throughout the small 
intestine and m the fust part of the laige intestine Bv the tenth day 
both male and female paiasites were still present m the mucosa, as shown 
by Eat 4c Some of the female paiasites at this time contained fully de- 
veloped embi} os while m otheis embnos weie not full) developed 
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INTESTINAL LESIONS FROM TRI OH IN ELLA SPIRALIS 


the epithelium either peipendieulaily or obliquely This lattei point 
was shown by a section of a parasite entirely sm rounded by pressed-baclc 
eph helium (Fig 10) The paiasites then woiked along between the 
epithelium and connective tissue In places they emerged (Figs 1 and 
10) and then some enteied again m another place Frequently the same 
adult was seen penetrating the epithelium of seveial villi at once (Figs 
3 and 10) Although the bead oi body of the paiasite pushed back Ihe 
connective tissue m places, there was no evidence m any of the sections 



Fig 5 — Rat 3a Glamlulai ci Apt showing paiasite cut m two places by the 
plane of the section Crypt contains necrotic epithelium (X 450) 


that the adults had penetrated the connective tissue (Figs 4 and 10) 
Frequently the body of an adult was seen against the connective tissue 
at the bottom of a glandulai cijpt and the head working along under the 
epithelium tow aid the lumen ot the intestine (Fig 10) This suggested 
that the paiasite baling woiked down the glandular crypt to the con- 
nective t’S'ue could go no farther and so had to turn back to continue its 
bunow mg 




Cl! 1 XXI XG l'RO'l Hl \ (,l! 1 1/ 1R 
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hi the "landulai enpts whoie ihe paiasitos ucie the epithelium wa- 
dc-quamaied, sometimes eutnc, sometimes m pait (Fig 10) The des- 
quamated epithelium wai necioiic (Fig 5) In some oi the enpts uh.ch 
contained a paiasite the onh icmnanl of epithelium was a fineh <riamd.it 
Pa^e staining matenal. In some places this pictuie of dc-quamnted and 
nenotie epithelium occuiicd in glandulai ci\pt« whoie no pantile* weie 
pie«cnt Tim suggested that the paiasitos had been theie and gone The 
nlli in places weie quite congested and m a few the blood had bioken out 
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In Eats 4c and 3a embryos weie found m the mesenteric glands, show- 
ing that m these cases the usual loute to the cneulation was taken Ecu, 
since the adult females did not pierce the connective tissue, the embryos 
must have been bom between the epithelium and connective tissue, m the 
intestinal lumen, or glandular crypts From theie the embryos must 
have woilced actively into the lymph circulation of the mucosa That 
the embryos possessed this power of active invasion was shown m striated 
muscle where they actively penetrated the muscle fibers Eat 4c showed 
an embrvo with part of its body m the connective tissue of a villus and 



Fig 7 — Rat 4c The next section m series to section shown in Figure 6 
This show s the same adult female with a space in the vagina An x marks this 
space The epithelium is somewhat elevated from the connective tissue The 
black mark to which the arrow points is a cross section of the same embryo that 
is seen m Figure G It is lying m the space between the epithelium and con- 
nective tissue (X 900) 

part m the space between the epithelium and connective tissue (Figs 6 
and 7) the epithelium having been sepaiated somewhat from the connec- 
tive tissue by an adult female (Fig 7) Since there was no reaction 
about this embryo it was assumed that it w as penetrating the connective 






07 / ia a/ag / itorniy o // 1 i/, ,/a* m , 

ti=sue and that it had not been bionght thcie In the calculation and 
biokon out Fmtheimoie the C amc adult female that was eletatnig tne 
epithelium fiom the eonnectne tissue contained fulh dc\ eloped cmbno- 
m its genital tiact e\cept neai the vaginal opening (Fig 1) Umalh 
the embt^o* ciowded the genital tiact up to the vaginal opening f llm 
suggested that the embno in question had iu=t been bom fiom tin* adult 



tig S — Tvu 4c Striated muscle showing pncticnlh no uictmn Oik fiber 
contains in embno Arrow points to embno (X and) 

lu *omo of the othei iats wliicli died embrto* v rue found fi< m tbo <on- 
nuine tissue of tbe mucosa ■without ic action =uriound'ng them ,»nd p- 
p Month not m \e=sel= This suggested that the;, were a<* ,, ><h in. ’dug 
1 1 <* uomcunc n-*ue of the muco=a 1 ho finei d< tail* of * , un <r v 
* u *c how o or wcie not pruned wdl enough t o m * i T’ 0 '- 
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to state just what then lelations weie Also one embiyo was seen at the 
junction of the mucosa and submucosa, but this one was suirounded by a 
cellulai reaction 

One would have expected to find the embiyos in the lymph spaces of 
the submucosa, but although man) sections weie examined with tins 
point m view, no embiyos weie found This must be accounted foi iiy 



Fig 9 — Rat 4c Caidiac muscle showing neciotic muscle fibers imaded by 
phagocjtic cells with a sun ounding cellular reaction An embiyo was found in 
this aiea, but does not show m the picture (X 900) 

the fact that the field of entrance covers such a large space that onl) a 
few aie bom at a tune and that the embiyos tiavel quickly when once in 
the cn dilation Where these lymph streams conveige, namely, the mesen- 
teric glands the embryos w r ere found 



^ 1 ** — '■'t hi until <b iwini; 1 h\ ( 1J 1’ i In -how 1 1 j > 1 1 1 < ■ ■ 1 of im * ~ i< >i» on n 

J ho \illu« on loft '-lmw - the no — -mion of t\ it jm i-iti- j >n r io_' T i * 
«l'H]n])um ohliquoK llu* unit jmi-m toudunj tin title • tnioill. ulli -or > 
!’o\\ om jmi-itonivv ]>i-- to -mill \jlh how u n< \i r jo * - in t’“ < i'i"o 
ti"tn uni how tin jtothdoir ijuthdunii 1 >< mint - ni.utii In *’n r t _ ‘it h f 

- 1 1'in'ii u 1 1 \ j it i- in ulnlt ti in th tt i Inn* 11 1 who h h i- * i < ’r t< ! o> t < 1 < < 

"i tu -linn m<] I’n n tTtttil mjt u un f'n < pit''. T it tn o < t 1 < '* 

! i-i i >n n \n i»i !i,i,i j- -In * \ n i- 1 . m_r l>mn 1« t » • • t' . < ( i 1 « Vio • 

' ti'-u lion i_ im tin nhil* ] it i-it on - i o' j ’* ► i* i < ' t 

* t' ti--m 



51G INTESTINAL LESIONS FROM TRICIIINELLA SPIRALIS 

These lats also showed an mteiestmg fact m legal d to the difference 
in reaction between eaidiac and striated muscle In Eat 4c the embiyos 
were penetiatmg and within the muscle fibers (Fig 8) These fibeis still 
ictamed their stuations and m only a few weie the nuclei slightly in- 
creased In the same rat the eaidiac muscle showed (Fig 9) many areas 
of cellular reaction with necrotic muscle fibers which weie invaded by 
pliagocr tic cells In seveial of these aieas the embiyos could be detected 
In Eat 4b, which was killed foui months later, no sign of these foirner 
piocesses m the cardiac muscle were present, not even to the extent of a 
few areas of cellular mfiltiation oi connective tissue mciease 

CONCLUSIONS 

Both male and female tiiclnnella parasites yierietiate the mucous 
membiane of the small and large intestine, though chiefly the former 
Neither male nor female adult woims penetiate into the connective tissue 
of the vdli oi submueosa The embiyos are bom a few at a time and 
activelv penetrate through the connective tissue of the mucosa into the 
lymplr spaces The epithelium where stnpped off becomes necrotic The 
leaetion on the pait of the intestinal walls is slight and lecovery is com- 
plete 

The eaidiac muscle fibers are much moie sensitive to the presence of 
the embryos than the striated muscle fibers 

In conclusion I wish to thank Drs II A Christian and F B Mallory 
foi tlieir mteiest and assistance m this woilc To Mr L S Biown I am 
indebted for the microphotographs 

845 Boylston Stieet 



THE USE OF CERIUM OXALATE FOE THE RELIEF OF 

VOMITIXG * 


AX JXMRIMEXTtL STUDY OF TltE EFFECTS OF SOME S VLTS OF C1RIUM. 

LAM'HVXUM, PRASEODYMIUM, XEODYMIUM AND THORIUM 

GEORGE BAEIIR, MD, and ITARRY WESSLER, MD 

M V, YORK 

1 IXTIIODUC1 IOX 

The wideh pi e\ a lent iheiapenlie use of ceiium oxalate, the mam 
tea is ihai it has held a conspicuous position m oui phaimacopeia, and 
the di«agi cement among medical piaditioneis as to its therapeutic use- 
fulness, seem to justify the senes of investigations that pionde ihe 
subject of this papei Dneisity of opinion icgaidmg the theiapeutic 
\ahie of ccnmn oxalate has existed e\ei since the fust mtioduction of 
the dmg m ISol bv Simpson 1 befoie the Medico-Chiiuigical Socieh of 
Edmbuigh and xet a leview of the liteiatuie ha= failed to meal am 
etToits to «ohe this mooted question bv expenmental methods 

Follou mg the lead of Simpson. Lee . 2 Jone = 3 and Sommei , 4 mam cub- 
sequent ob c ei\eis lccoided then endoi «ement of the use of ceiium 
oxalate foi the lolief of all soils of g.Htiomtedmal dishubances Xe\ei- 
thelc««, mam otheis haxe been ab^oluteh unable to aclnexe am nlleua- 
tion of the identical di-oidcis In the exhibition ol tins substance Weie 
ue able to explain all this In the fact that the difleient ceiium oxalate 
pi ep, nations on the maikct aie not of the same composition and there- 
foie not of equal value, as lias been attempted b\ a specially apjiointed 
eomnmtee of the Xcw Yoik County Medical Societx , 5 fuitbei discussion 
of ibis pioblem might be useless 

*1 iom the Liboraton of Biologicil Chemi-tn of Columbia Unner-m, it 
the OolU'uo of Rh\«iuan- and Sm goon’s. Xcw Yoik 

f A pielimmm report of this work mis made at a media" of the bio!o_’ie 
c iaion of the Ament m Chenutal Soueii m lomt c o«ion villi Votioa C (C'bun 
idnT of tin* Amu imn As-r>u moil mr tbt Ad\ uunnuit of Saemi, Xt v Yorl , 
Pciombei, Stuiiu, 1*107, \\\ 1V> See also Puuu=s md AA olf Am Tour 
F'n-iol RHH>, wi, .114 Sollnnnn and Brown, ibid 1907, win, 120 G'ni* an 1 
bio ibid 1**07 win C>7 Co— i In- di’cnui nue- oi cirnnu Initnivti'i' <mu 
duUmumi (neodummn and pr i=fodumiim) m bones (Dicca-d in H* n” rn 8 
B I'n.bmh dn Rln -joloai* , ISbT V u) O0 f| l 

1 smiji-oii Mu n!i Tom Mid ‘-a , ls‘»4 ">i<5 Mil T im» - i n • Ga 

2 1m Am Jn'ii Mid 'h ISt.o j» i\ -irit- \1 '.‘*1 4 

, ,li,' I'm it'ii Mi d Jour, Ibol m,i - rn - i\ tT (| 

4 v M’ii'u \IIg mid Ciwr Vaz b 4 > in, ; 

* R' o X X C<*m 4\ AVI *4o Dr.i_r Cir< v .1 < 1 <m < . i 
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CERIUM OXALATE FOR RELIEF OF VOMITING 


Although the propoitions of the oxalate of cenum and of the related 
substances usually associated with it m the comnieicial cerium oxalate 
vary consideiably, and with them the chemical, physical and pharmaco- 
logic propel ties of the pioduct, the comparative insolubility of the 
cerium oxalate as well as the associated oxalates of othei “raie earths/’ 
suggests that then action individually and collectively m the usual dose 
is simply local 

Shortly aftei the mtioduetion of the drug by Simpson, Mills 6 at- 
tempted to explain the influence of cenum oxalate by assuming that it 
was absorbed fiom the intestinal tiaet and acted on the cential nervous 
system This was the basis for the use of cerium oxalate for cough, 7 ’ 8 
at the time Mills wrote (1875), and for its use m the reflex vomiting of 
eaily pregnancy at the present time Ignoiance of the fact that cenum 
oxalate is practically insoluble m most biologic liquids and that it can 
not be absorbed m significant quantity fiom the gastiomtestmal tiact, 
accounts foi the opinion, held to-day by man}'- physicians who use the 
diug, that its theiapeutic action is the lesult of its being a nenous 
sedative 

Nowlieie has any one lecorded obseivations of any value regarding 
the toxicity of cerium oxalate Even the present-day text-books, m the 
meager paiagraph usually devoted to it, leeord the simple statement 
that somewheie some one has obseived a slight dryness of the mouth 
aftei admimstiation of laige doses Obviously this is a rathei vague symp- 
tom and one concerning which a clinical observei might easily be mis- 
taken No wntei on the subject seems evei to have committed himself 
to the statement that he himself obseived this symptom Every one who 
has mentioned it has meiely quoted Clark 8 

Oui first object, m the following senes of experiments, was to ascei- 
tam uhethei m excessive doses cerium oxalate might cause toxic symp- 
toms 

2 EXPERIMENTAL 

A TFE TOXICITY OF CERIUM OXALATE AND THE OXALATES OF LANTHA- 
NUM, NEODYMIUM, PRASEODYMIUM AND THORIUM 

Iii view of the fact that commeieial cenum oxalate is leally a mix- 
tuie of the oxalate of cerium vith the oxalates of lanthanum, neodym- 
ium, piaseodymium and thonum, expenments veie earned out not 
onl} uith the commeieial pioduct, but also with lepresentatives of each 
of its leading constituents 

G Mills Philadelphia Med Times 1875, m, 148 171 

7 Cheesman Plnnn En 1S7G ii, 302 

S Claih, quoted b\ F E Image Drug Circ and Cliem Gaz , 1878, wn, 170 
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The dogs used m this senes weighed between 30 and 1 3 kilociam- 
and each da\ wcie fed a meal consisting oJ Id cm meat 1 cm ci.ukir 
meal, d cm laid, 1 gm bone ash and d> et w atei pei kilo <>1 weichi 
On tlm diet the dogs weic kepi m appioximate nitiocemm- equilibnum 
Fmn dogs weie used toi this sene= of expeumeni- — one foi rich of 
Expenmcnts 1. o and G and a fonitli Joi Expenmcnts > 3 and 1 The 
oxalate was administeied In mixing it with the food Eton the laic< 
do'-C 1 ' faded to distm b the appetites of the dogs ] n each ca-e the ani- 
mals weie kept m a cage 0 so that eaieful obsenatiom could be main- 
tained on then gcneial condition as well as on then weight the \olume 
specific giantv icaction etc. of then mine and the wcicht and condi- 
tion of then feces 

IXminiixr 1 — 31 Oh Comma cml Ccnum Oralatc — Bepmnmp with 0 0] pm 
(lie deep was stcadib nu»i eased daib foi twebc d.n« On the second d.n 0 ] pm 
was pnen tlien 0 13 03 00 12-1 8 12 23 and on t bo twelfth dn 30 pm 
'J lio-o quantities woie caeh administeied m a single do-c 3 < t e\en when the 
.30 pm woo pnen nb«olnteb no s\mptoms weie elicited he\ond in incie i«e in 
the iniount of feces evacuated dnh n sMiiptom follow nip the adniinistr it ion ol 
am unit powdei in such Hi pc quantities 

A few dats aftei the discontinuance of tins expenmcnt the doc c uo 
eessfulh delneied hei =el f of a littei of the lolmst pups Tins is of not 
a little mteiest clinically foi in its theiapeutic use cemim oxalate i= 
moie often administeied duiinc picgnano than undci am othei tondi- 
non 

l.xi’l ltiMi XT 2 — 11 ilh Chcmtcalhf Pine Caium Ornlatt — ChniiKilh pine 
cemim oxalate w it? administeied foi tin oe *utios-i\c dm in suiplo do-< - of 23 
40 ind 30 pm lespcctnelv Ileie mam no untowaid mmife«t ltiom weu on 
sencnl lint whereis the quantitv of feces this dop nonnilh cx minted \nied 
onlv between 21 and 17 pm pei diem, on the du that the la-t do-t wi« pn<n 
be pissni 71 pm anil on the follow jnp cbn 01 pm On the second ind thud dn 
follow inp the tli—c out mil nice of the c ilt the fee il weiplit fell to 21 3 cm and ]0 
pm l e-pec t neb 

1 Xl’i lawi \is *1 AM) 4 — With Xiodumutm Ornlntr find Ihoinim Oxnbiti — 
Aftei i two d.n s internal the nninnl u«ed in IXpcinncnt 2 wi> do-c-d with 
ni'odnimun oxalate foi tluee daxs (5 10 and IS 3 pm rcspeclneb and dunnp 
tin tin eo dn - following tins a tot al of 44 pm of thonum oxalate w i- pnen 'lb 
nurciMxl eJnnnntion of fece- w is apim endent tliouph not to -<> in trhi d an 
♦ xttiit the in ixnmim 3n pm hemp icached on the cl w follow mp tin* 1 1 -t do-.' 
then were no s\mptom« 

1 xri i iwi \ i 1 — 11 i//i Pi a^rodi/mtum OxnlaU — Hen motile 1 mini'll w t- 
pmn 7 11 ind 14 pm of pri-eotbnnum ox date on time -inei—nc dn- Idle 
maximum mioitm of feu- os pm w is obt lined on the <u\ lollowmp the last 
no-, a- befoie Ibc onb Lnnp run u hod wa- tb n on tin- dn portions of t’ e 
it-, - wtn -oftcr tb m u-u il 

IxrillMjXT 0 — 11 tth I onthamun Oxnlnti — 3 nr loiirtb dop reeuxed three 
' ' " ' <l5 " Hntbmmn oxalite in three dn- 10 t> ]S and 22 3 pm r<~i»itn*b 

t... - A’i’ loin Pin -ml P*nx xn 40,> 
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Nothing exceptional was noted, though, as m all the previous experiments, ob- 
servations of the dog were continued foi at least a week 

Conclusions — 'Only one conclusion can be deduced from this series of 
experiments Cerium oxalate and the other oxalates named above are 
practically harmless, at least for dogs How much good may be done by 
cerium oxalate was our purpose to determine m the series of experiments 
described below (B) 

Most observers who have used the drug empirically concluded from 
its insolubility that it acted simply as a local protective to the gastroin- 
testinal tract We have detei mined that, though m the ordinary doses a 
few milligrams of the cerium oxalate would commonly go into solution 
m the dilute acid of the gastric juice, the dissolved portion would be 
promptly precipitated (as carbonate, phosphate, etc ) m the intestine, 
under the influence of the alkaline intestinal juices This fact, together 
with the above demonstration of the harmlessness of the drug, would 
tend to substantiate the mechanical theory of its action Any other 
theory is eeitamly rendered improbable when we consider that the ad- 
ministration of 50 gm of ceiium oxalate gives no evident manifestations 
of absorption of the compound 

B DETI EMIN ATION OB TIIE EEEEC P OE COMMERCIAL CERIUM OXALATE ON 
VOMITING INDUCED WITH APOMORPHIN HYDRO CHLORID AND IPECAC 

With the exception of a few other indications, cerium oxalate is at 
present used almost exclusively for the relief of vomiting, and moie pai- 
ticularly for the relief of the eaily vomiting of pregnancy As this is 
supposed to be reflex m origin, we attempted to simulate it m dogs by 
giving an emetic which acted on the vomiting center The mechanism 
of this latter process eeitamly is not entirely analogous to that of the 
early vomiting of pregnancy, but it does coincide with it m so much as 
both are vomiting of central origin 

Toi this puipose apomorphin hydroehlorid was chosen because of the 
convenience of its admimstiation and the ease with which its minimum 
emetic dose can be determined This foi a dog was found to be about 2 
to 3 mg 

Series 1 Vomiting Induced with Apomorphin Hydrochlorid 

Experiment 7 — A clog -neighing 14 kilos m as used After three trials it was 
found that a liypodeinuc injection of 2 5 mg of the apomorphin would induce 
\onuting in ten oi fifteen minutes w lien gneii on an empty stomach The animal 
was not fed foi tventy-four hours Then three doses of ceiium oxalate of 3 gm 
each ueie gnen at internals of tlurtv minutes The drug was admimsteied m 
gelatin capsules Eifteen minutes after the last dose had been given, 2 5 mg of 
apomorphin a ere injected subcutaneously In tuelve minutes the animal vom- 
ited Apparentlj the -counting had not been delayed 
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Jj\ri lUMr-XT 8 — For tins experiment a small dog, in which a gastric fi-inln 
had been made, was used It was desired, by administering the drugs through 
the fistula, to c ecure a more intimate application of the cerium oxilato to the 
stomach wall In this way intention on the inner surface of the esophagus w is 
presented Two grams of ccnum oxalate were gnen with the food on each of 
two successne dajs On the third day 2 gm of cerium oxalate were introduced 
In way of the fistula and an liom later 2 mg of npomorphin were injected In pn 
dcrnncally In fifteen minutes vomiting ensued 

FxrtiuwnxT 9 — A dog weighing 24 kilos was gnen 0 7 gm of cenum oxalitc 
with foo<l This was followed, in fifteen minutes, b\ 3 3 mg of ipomorplun The 
animal vomited in nine minutes 'As m experiments 7 and S, the counting was 
not onlj not prevented, but not even delayed. 

In the second senes of experiments it was denied to induce vomiting 
In local irritation of the gastnc mucosa, and ipecac was chosen as the 
most efficient drug Aftei extensive expenmentation it has been defi- 
nitely proved that emesis following the taking of ipecac is wholly due to 
local action on the gastric mucous membrane Those who den} this have 
nevei gnen the subject moic than a superficial consideration Cushm, 10 
aftei carefully considcnng the experimental endence on tins question 
states that “almost all the facts point to peripheral gastric and not cen- 
tral action'’, also that “almost all the evidence of this supposed central 
action has been disprov ed '* 

Sums 2 Vomiting Induct d with Inc\c 

FxrnuiMFNT 10 — To a new control dog, 4 cc of <wrup 0 f ipecac wore gnen 
in milk He \onuled in twenty minutes and again in ten minute 1 : Fach tune 
after vomiting, lie defecated An hour later 1 5 gm of cerium oxalate were ad 
ministered m milk and fortv-five minutes later 4 cc of syrup of ipecac Ten 
minutes later, to anticipate vomiting, 13 gm of cerium oxalate wore again ad 
ministered Nevertheless the dog vomited twenty minutes after the ipecac had 
been administered 

Fxpi niMiAT 11 — The gastric fistula dog which wa= used m experiment c - 
was utilized again for this experiment On September 11, 11 gm of ccnum 
oxalate were gnen b} fistula, fifteen minutes later, 4 c c of ipecac bv fi c tuli 
ten minutes later, 15 gm of cerium oxalate similarly The dog -vomited fifteen 
minutes after the administration of the lost dose of cerium oxalate During tin 
next two dais cerium oxalate was administered daih m order to go thr dog 
more thoroughly under the influence of cerium if pos=iblc 

September 15 1 5 gm of cerium oxalate were gnen m the food 

September 1G 15 gm of cerium oxalate were gnen m the food 

September 17 2 gm of cerium oxalate were put into the «tom ich throu^'i 

the lntula and immediatelv followed In 4 cc of ipecac Ihc dog did rot a omit 
A* t”e end of an hour 2 co of ipecac were placed m the «tom n cii throup'i t’n 
'ntali Vomiting occurred in twentv minutes 

September IS 2 gm of ccnum oxalate, fodo.vc-d m i f< a n i"u , c c b A * cr 
ij-eca<., were given ns on D>c 17th Vie uog dm no* vomt for n h<>nr » 
"it* in minutes 

10 Cmtmv Pharmneologv anl T n crntv' itic c cd 540 1 
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September 19 2 5 gm of cerium oxalate weie passed through the fistula and 

several minutes latei 5 ec of ipecac followed Vomiting occuned m an houi 
and thirty minutes Four hours later 4 e c of ipecac were administered by fis- 
tula The dog vomited m an hour 

September 20 4 c c of ipecac were introduced into the stomach through the 
fistula Cerium oxalate was not administered Vomiting occurred m twenty 
minutes These lesults suggested that possibly the action of the ipecac was de- 
layed when cerium oxalate was given over a period of time preceding the admin- 
istration of ipecac 

A few days later it was noticed that there were some drippings fiom the fis 
tula wound In the fear that the fistula might be leaking, the experiment was 
temporarily discontinued m order to permit the wound to heal up tightly about 
the canula No cerium oxalate or other drug was given meanwhile On October 
S the experiment was continued 

October 8 Again, as a control on the efficiency of the ipecac, we gave no 
cerium oxalate, but only 4 c e of ipecac by fistula Vomiting occurred in thirty 
minutes Later m the day 2 gm of eeiium oxalate were given m food 

October 9 2 gm of cerium oxalate were given in food Six hours later, 2 5 

gm of oxalate were administered through the fistula, followed, m a few min 
utes, by 4 c c of ipecac Vomiting occurred m an hour and a half, an hour later 
than m the controls 

Octobei 10 2 gm of cerium oxalate were given in food 

Octobei 11 2 5 gm of cerium oxalate were administered tlnough the fistula, 

followed, a few minutes later, by 6 c c of ipecac the same way In fifteen mm 
utes salivation v as noticeable but vomiting did not occur 

Experiment 12 — Small dog, weight 8 kilos, fasted twenty-four hours 
Cerium oxalate was administered in gelatin capsules as follows 10 30 a m, 2 
gm , 11 45 a m , 2 gm , 1 p m , 2 gm , 2 45 p m , 4 gm At 3 p m , 4 c c syrup 
of ipecac \ns given Two horns passed before romitmg occuried On the next 
day, as a control, no cerium oxalate, but only 4 c c ipecac were given Vomit- 
ing occurred m thirty minutes 

Conclusions — The results of the experiments m Series 1 uniformly 
suggest that cerium oxalate has no influence on vomiting of central 
origin Many more observations will be necessary before it can be posi- 
tively affirmed that cerium oxalate has no such influence But tending 
to substantiate the theoiy of the mechanical local action of the drug 
aie the following foui points that have been definitely established 

1 The absolute accordance of the lesults obtained m the experiments 
of Senes 1 

2 The insolubility of the cerium oxalate 

3 The absolute lack of sjunptoms when cerium oxalate was adminis- 
tered m doses of as much as 50 gm 

4 The inability of many men to obtain with cerium oxalate any al- 
leviation of the reflex vomiting of pregnancy 

In reference to this last point it might be argued that, in attempting 
to explain the poor results some men have obtained with the drug for 
this condition, we have simply plunged from Scylla into Charybdis by 
our inability to explain the good results which other clinicians have ex- 
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perienced But m view of the hist thiee points, which indicate that the 
cerium oxalate is not absoibed fiom the alimentaiy tiact m appieciable 
pioportions, it seems certainly more rational to assume that, whenever 
good results have been obtained m the reflex vomiting of early pieg- 
nancy, they were hallucinatory, the vomiting ceasing of its own accord 
or fiom other causes One reason probably why so many obstetricians 
have adheied so long to the use of cerium oxalate and are only too will- 
ing to delude themselves with the idea that it is doing good, is that for 
this condition they have no other drug which is so absolutely harmless 
as the oxalate of cerium 

As might have been anticipated m a salt lesemblmg bismuth sub- 
nitrate m so many particulars, the experiments of Senes 2, with the 
exception of Experiment 10 and the work on the veiy hist day of Ex- 
penment 11, indicate that cerium oxalate does have an mlnbitoiy effect 
on vomiting due to local irritation of the gastric mucous membrane 
The data of Expenment 10 and the results of the work on the first day 
of Experiment 11 do not agree with this, but only for the leason that 
m these instances sufficient time was not given for the cerium oxalate 
thoroughly to coat the gastric membrane before the stomach was sub- 
jected to the action of the ipecac During the lemamder of Experiment 
11 and m Experiment 12, however, sufficient time was given for the 
attainment of that result, and consequently, as the repeated trials uni- 
formly show, the vomiting was either inhibited entnely or delayed con- 
siderably 

O DETERMINATION OE THE EFFECTS OF CERIUM NITRATE ON VOMITING 
INDUCED WITH APOMORPHIN HYDRO CHLORID 

Since cerium oxalate is still being used for the relief of ? efle% vomit- 
ing of early pregnancy and was once recommended for the relief of 
cough, 7 > 8 processes which could only be modified by the absoiption of the 
drug from the alimentary canal and its subsequent action on the central 
nervous system, we proceeded next to investigate the influence on the 
organism of cerium m the form of a soluble and absorbable salt 

Cerium nitrate was the soluble salt chosen for this purpose, chiefly 
because it had formerly been recommended by Simpson 1 foi the lelief of 
vomiting This portion of our work may be eonsideied under two 
heads 1, observations of the effects of cerium nitrate on vomiting of 
central origin, when given by mouth and when given hypodermically, 
and, 2, observations of the effects of cerium nitrate on the organism m 
general with a determination of the paths of its excretion from the body 
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when introduced by mouth, hypodermically, mtiapentoneally or intra- 
venously 

As a preliminary procedure, an attempt was made to ascertain the 
most advantageous dose of cerium nitrate to be given by mouth The 
details are too numerous and not sufficiently instructive to warrant their 
interpolation at this point But after repeated experimentation on five 
dogs of ordinary size it was determined that on any dose beyond 4 gm , 
if given with meat (15 gm per kilo of body weight) and 0 5 gm if given 
alone m a gelatin capsule, nausea, vomiting and violent retching and 
diaiihea, with tenesmus, ensued Smaller doses elicited no obseivable 
symptom The difference between the permissible quantities m the two 
methods of administration is easily explained by the fact that cerium 
combines readily with the proteins of meat 

In Experiments 13 and 14 each dose of cenum nitrate was given m 
a large gelatin capsule and the dog forcibly made to swallow this Ho 
food was given with it 

In the remaining four experiments of this group (15-18), the cerium 
was injected hypodermically Difficulty was experienced m attempting 
to introduce the drug m this manner owing to the great avidity with 
which the salt combined with the protein of the tissues In every case 
there developed a localized area of necrosis at the site of the injection, 
and vutlnn a week or two this would ulcerate through the animal's hide 
Befoie this could take place the experiments weie always completed 

Experiment 13 — One-half gram of cerium nitrate was given m a gelatin 
capsule to one of the dogs to which it had previously been administered m con- 
nection v itth the pielimuiary determination of the limits of advantageous dosage 
After forty-five minutes 2 5 mg of apomorphm hydrochlond were injected hypo- 
dermically The dog vomited twice within five minutes 

Experiment 14 — Cerium nitrate was given by mouth in gelatin capsule as> 
follows 10 a m, 02 gm , 10 15, 0 1 gm , 10 30, 0 1 gm , 10 45, 0 1 gm, 
12 00, 0 1 gm At 12 15, 2 5 mg of apomoiphm hydoehlond were injected sub- 
cutaneously In fiften minutes the dog vomited On the next day, as a control 
test, the dose of apomorphm was given alone and the dog vomited once m fifteen 
minutes and again five minutes later 

Experiment 15 — The dog was given 0 3 gm of cerium nitrate m 5 cc of 
physiologic salt solution by hypodermic injection Five minutes later, 2 mg 
of apomorphm were simlarly introduced Vomiting occurred very profusely m 
eight minutes and continued intermittently for fifteen to twenty minutes Five 
days later 2 mg of apomorphm hydrochlond follow ed by 2 gm of cerium nitrate 
were injected hypodermically Vomiting took place m five minutes 

Experiment 16 — For this experiment we used the gastne fistula dog that 
had been employed m expenmen ts 8 and 11, but which had not been subjected 
to expenmental treatment foi a month and a half previously Hypodermic m 
jections were made as follow’s At 2 55, 1 gm. of cerium nitrate, at 3 14, 1 
gm of cerium nitrate, at 3 15, 2 gm of apomorphm At 3 20 the dog defecated 
soft feces and afteivvaid shamed, then licked his chops, showing nausea, but did 



GEORGE BAEHR— HARRY WESSLER 


525 


not vomit As a control test, 2 mg of apomorplnn hydiochlorid weie injected at 
5 40, without accompanying cerium dosage In seven minutes the dog vomited 
twice On the next day, 2 mg of apomorphm hydrochlond were injected subcu- 
taneously, followed an five minutes by a hypodermic dose of 2 gm of cenum 
nitrate Vomiting did not occur As a control test, two hours later 2 mg 
of apomorphm hydrochlond were given alone and the dog vomited three times 
m fifteen minutes 

Experiment 17 — For this experiment we used one of the dogs which, like 
the one employed m Experiment 13, had previously been given cerium nitrate 
by mouth m connection with the determination of the limits of advantageous 
dosage During the first experiment to which this dog had been subjected, he 
suffered from diarrhea and vomiting for a few days as a result of the cerium 
nitrate treatment, but dunng the week which intervened between that experi- 
ment and this one, he was perfectly well 

December 6 2 mg of apomorphm hydrochlond weie injected subcutaneously, 
followed immediately by a hypodermic dose of 2 gm of cerium nitrate In five 
minutes the dog vomited profusely, continuing to do so intermittently loi ten 
minutes 

December 7 2 gm of cerium nitrate were injected subcutaneously to deteimme 
whether this dose may have caused the vomitmg observed yesterday The out- 
come was entirely negative 

December 10 2 mg of apomorphm hydrochlond were given alone hypo- 

dermically as a control test In five minutes the dog defecated and vomited 
several times 

December 11 The first part of the experiment was repeated A dose of 2 gm 
of cenum nitrate was followed by one of 1 5 mg of apomorphm livdrochlond 
(note the small quantities used) The dog vomited twice m ten minutes 

Experiment 18 — A new dog was used for this expenment 

December 13 2 mg of apomorphm hydrochlond were admimsteied subcu- 

taneously The dog vomited three times in thirteen minutes This result served 
as a control observation Three hours later, 1 gm of cerium nitrate was injected 
and three minutes afterward, 2 mg of apomorphm hydrochlond Vomiting did 
not occur Two hours later, as a second control, 2 mg of apomorplnn hydro - 
chlorid were injected alone The dog vomiting three times in eight minutes 

December 14 The entire experiment was repeated as follows 1 gm of 
cerium nitrate was injected Twenty minutes later another gram of cerium nitrate 
uas injected, immediately followed by 2 mg of apomorphm hydrochlond Vom- 
iting did not occur 

December 15 As a third control, 2 mg of apomoiphm hydrochlond were 
injected alone Vomiting occurred in fifteen minutes 

Conclusions — Experiments 13 and 14 agree in indicating tlie ab- 
sence of any inhibitory effect of cerium nitrate, admimsteied pei os , on 
centric vomitmg. Experiments 15 and 17 seem similarly to demonstrate 
the absence of any such inhibitory effect of the cerium nitrate when 
injected hypodermically « On the other hand, Experiments 16 and 18 
directly controvert this and seem to show that cerium nitrate adminis- 
tered hypodermically does inhibit vomiting of centric origm The dis- 
cordance between these results render an interpretation of them rathei 
difficult Additional experiments will he necessary for final removal of 
the uncertainty m this connection 
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D DETERMINATION OE THE GENERAL EEEECTS OE CERIUM NITRATE ON 
THE BODY AND ALSO OE THE PATHS OE EXCRETION OE 
CERIUM EROM THE ORGANISM 

In the remaining experiments described in this paper cerinm nitrate 
was introduced into the body m four ways 1, per os, 2 , hypodermically, 
3, mtrapentoneally, and, 4, intravenously The method used m each 
case is indicated in the description of that experiment In each instance 
sjunptoms are also described, if any were induced, and the autopsy find- 
ings as well as the results of analysis of urine, feces and the various 
organs are recorded 

The method used for the detection of cerium was simple and accuiate 
Our own tests showed that a fraction of a milligram of cerium could be 
detected by it If the material to be analyzed was a liquid, such as urine 
or blood, this was first evaporated to dryness Otherwise the mattei 
under examination, such as muscle, was immediately incinerated Aftei 
preliminary heating with the blast-flame, for further ignition of carbon, 
the ashes were fused with potassium bisulphate After cooling, the 
resultant white flux was dissolved m a small quantity of dilute nitric 
acid The solution was then neutralized with powdered potassium cai- 
bonate to precipitate iron, and filtered The clear filtrate was reacidified 
with nitric acid, heated, treated with a few grams of lead peroxid and 
the mixture then boiled for a minute or two When the particles of the 
oxid of lead settled to the bottom of the beaker, the supernatant fluid 
showed a canary yellow tint if cerium was present Most minute traces 
could be detected m this way 

Experiment 19 — Administration per Os with the Food — December 14, 6 
gm , December 15, S gm , December 1C, 17 and 18, 9 gm daily, December 19 to 
29, inclusive, 10 gm each day No symptoms On the 29th the animal was killed 
with chloroform Autopsy showed that all organs were normal The daily 
urines were free from cerium The daily feces from the 15th to the 28th, con 
tamed cerium The liver contained a small quantity of cerium, but none uas 
found in bile from the gall bladder nor in the spleen 

Experiment 20 — Eypodeimic Administration — On December 13, two dose* 
of 1 gm each were given with an interval of twenty minutes between doses On 
December 14, 1 gm was given twice with an interval of twenty minutes between 
doses The dog oTadually lost his appetite In a day or two he refused all food 
and his anorexia continued to the end of the experiment On lus back tv o 
fluctuating areas appeared which apparently were liquefied necrotic tissue pro- 
duced by the corrosive action of the injected cerium nitrate His stools became 
more and more diarrheal m character until, by December 22, he several times 
defecated material resembling diluted red blood When offered some water he 
eagerly drank all of it, but five minutes later he vomited it all Later m the 
day he was killed by chloroform The autopsy immediately afterward revealed 
the following facts 
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Autopsy — When the abdomen was opened, attention was at once attracted 
by the unusual violence of the gastric and intestinal peristalsis On examina- 
tion, the intestine was found to be empty except m the lower part of the ileum, 
where there were numbers of yellowish, white intestinal worms, such as fre- 
quently occur m dogs that otherwise appear to be normal The entire intestinal 
tract showed marked congestion of its mucosa, more especially observable m 
the lower part of the ileum and throughout the large gut In these situations, 
also, numerous petechial spots and large areas of eechymosis were present, m the 
large intestine occupying the greater part of its surface The otliei organs were 
seemingly normal 

Experiment 21 — Hypodenmc Admmisti ation — Weight of dog, 10 kilos The 
site of injection was thoroughly washed so as to prevent the dog fiom licking 
it, and so possibly getting a little cerium m his mouth On February 18, 19 
and 20, 0 1 gm was given daily, February 21, 0 1 gm at 8 a m and 0 2 gm at 2 
p m , February 22 and 23, 0 2 gm each day, Febiuary 24, 0 5 gm February 25 
the dog was killed with chloroform 

Autopsy and Analyses — The autopsy showed areas of intense congestion of 
the intestinal mucous membrane, especially of the small intestines The daily 
unnes did not contain cerium The feces eliminated on February 24 and 25 
contained cerium The intestinal walls contained relatively large quantities 
of cerium The liver, spleen and blood contained traces Muscle from the site of 
the injection gave a strong response to the test for cerium The results of the 
examination of the gall bladder containing bile, and of the brain and kidneys 
were negative 

Experiment 22 — Hypodermic Admmisti ation — As in Experiment 21 Weight 
of dog, 6 kilos On Mai eh 18 and 19, 0 2 gm was administered each day, on 
March 20 and 21, 0 4 gm each day, on March 22 and 23, 0 G gm daily, Marcli 
24, 0 8 gm , March 25, 1 5 gm On the 21st, dark bloody material began to 
appear m small quantities m the stools, but there was no diarrhea The animal 
was well otherwise, and was killed with chloroform on the 26th 

Autopsy and Analyses — On autopsy, blood and much mucus weie found in 
the intestinal contents The mucous membranes of the large and small mtes 
tines were congested and both showed areas of eechymosis The daily urines and 
feces were free from cerium The parts that showed the presence of cerium were 
the liver, spleen, blood and tissues from the site of injection The intestines 
were not analyzed, but the intestinal contents gave a sitiong test for cerium 

Experiment 23 — Hypodei mio Administration — As m Experiments 21 and 
22 Weight of dog, 6 5 kilos On the first day 0 2 gm was administered, on the 
second and third, 0 4 gm , on the fourth and fifth, 0 6 gm , on the sixth, 0 8 gm , 
on the seventh, 1 gm There were no intestinal symptoms and no diarrhea 
The animal was killed with chlorofoim on the eighth day Autopsy showed 
nothing unusual 

Analyses — The feces eliminated on the sixth, seventh and eighth days con- 
tained cerium The intestines contained cerium, but the liver and spleen did not 

Experiment 24 — Intrapentoneal Administration — First day With the dog 
under slight anesthesia, 1 gm of cerium nitrate dissolved in 15 c c of physiologic 
salt solution was injected into the peritoneal cavity Immediately after the opera- 
tion the dog began to vomit and did so almost continuously for nearly an hour 
Vomiting then became gradually less frequent during the next hour, and it 
occurred only occasionally during the succeeding live hours Except at the 
very onset, the vomitus consisted merely of mucus Besides this sign of perito- 
neal irritation, the dog exhibited rigidity of lus abdominal muscles and tender 



528 


CERIUM OXALATE FOR RELIEF OF VOMITING 


ness of Ins abdomen to pressuie, and manifested a desne to lemam absolutely 
quiet 

Second day On the following day the animal appeared apathetic and only 
lesponded sluggishly to call His abdomen was then no longer tendei, but when 
it was squeezed from side to side a gurgling sound could be elicited He refused 
to eat and one time, on attempting to drink, vomited 

Third day The apathy had entirely disappeaied The dog seemed to be 
himself again The anorexia still persisted, but to it diairliea was now added 

Fourth day Diarrhea was almost continuous The dog refused to eat 

Fifth and sixth days The dog still declined to eat, but now began to drink 
fieely, voided foul smelling stools, -which were fluid, and with them exhibited 
tenesmus 

Seventh day The diarrhea continued The dog ate a small quantity of meat, 
but a little later vomited relatively laige solid dhunks covered with tenacious 
mucus 

Eighth day During the afternoon of this day, the animal began to staggei 
around m his cage blindly With intervals of quiet, he did this several times 
The condition of Ins bowels persisted At midnight he was still alive, though 
very sick 

Ninth day The dog was found dead m the morning 

Autopsy — The heart was m systole The lungs wei e very edematous, full 
of frothy fluid The peritoneum had everywhere lost its glistening sheen and 
scattered throughout it were small white spots, which, proved on analysis to be 
composed almost entirely of cerium The intestines were matted together into 
an almost inextricable mass The omentum especially was shrivelled into a 
small mass of fat adherent to the parietal peritoneum The mesentery was also 
drawn together and showed several small hemorrhages between its layers Both 
liver and spleen were very much deformed and their capsules thickened into a 
parchment-like tissue, which cracked on handling In the case of the liver this 
condition on cross section was also found to extend into the interlobular septa 
The gall bladder was contracted and was empty, its walls, together with the 
retroperitoneal fat, similarly coagulated Especially along the ureter this con- 
dition pertained to such an extent as to give the ureter in spots a calcareous 
feeling The bladder was thin walled and cracked beneath the fingers No 
changes werre observable m the interior of the kidneys Soft brownish feces 
occupied the intestines The small intestine showed marked congestion of its 
mucosa, numerous petechia; and large patches of eccliymosis 

Tests for Cerium — The mucus vomited on the first day did not contain 
cerium. It was impossible to analyze normally voided unne because some of 
the diarrheal stools were always mixed with it Feces passed during the first 
three days were free from cerium, but from the fourth day onward they showed 
the presence of cerium. 

Organs It was impossible to analyze the intestines or the abdominal organs 
because of cerium protein compound on their peritoneal surface Muscle, kid- 
ney (a section from the center), heart and brain were free from ceri um 

Experiment 25 — Intravenous Introduction — Weight of the dog, 10 5 kilos 
Dose, 0 1 gm of cerium nitrate m 40 e c of physiologic salt solution, injected 
into a femoral vein under ether anesthesia On coming out of anesthesia the 
dog shivered violently for almost an hour and was salivated profusely Fifteen 
minutes after the injection the dog eliminated feces of normal consistence and 
color, and eight minutes later again defecated, but the feces were now soft 
pasty and chocolate colored Four hours later the dog vomited once and passed 
fluid feces 
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Second day The feces were still slightly diarrheal Otherwise the dog had 
entirely reeoverd 

Third day The feces were still a little pasty and dark m color The dog 
was killed with chloroform Autopsy was negative 

Tests for Cerium — Feces, urine, spleen, heart and intestines negative for 
cerium 

Experiment 26 — Intiavenous Inti oduotion — Weight of the dog, 15 kilos 
Blood had been extracted from this animal m another connection several weeks 
before the beginning of this experiment Dose 0 1 gram of cerium nitrate m 
40 cc of physiologic salt solution, injected into a femoral vein under ether 
anesthesia The operation was completed at 11 30 a m After the operation, 
the dog had no gastrointestinal symptoms whatever, but was salivated profusely 
During the night he vomited 

Second day The animal was very quiet and lefused to eat Stools were 
diarrheal 

Third day The dog retched and vomited several times It was killed with 
chloroform at 11 30 a m 

Autopsy — All the organs were normal except the spleen This had many 
blackish hemispherical protuberances on its surface, averaging % to % inch in 
diameter On section they were dark red and jelly-like Microscopic section 
demonstiated these t-o be liematomata, which were just beginning to organize 
These hematomata must have been caused by the blood-letting opeiation to 
which the dog had been previously subjected, as has already been noted The 
spleen itself showed a mild chronic intestinal splenitis, the origin of which we 
were unable to ascertain 

Tests for Cerium ■ — Feces First day, negatne, second day, positive for 
ceiium Saliva negative Liver and spleen positive Intestines positive, 
iery strongly 

Conclusions — Cerium nitrate , irrespective of the channel of its in- 
ti odnction into the body, whether by month, hypodermically, mtrapen- 
toneally or intravenously, generally caused the following effects 

1 Gastrointestinal symptoms (vomiting and diarrhea) 

2 Congestion and ecehymoses m the intestinal mucosa, as demon- 
strated by the autopsies 

3 To these results may he added the further fact that cerium was 
usually eliminated m the feces, hut was never found in the urine 

4 The presence of cerium was usually demonstrated m the intestines 
(washed free of their contents) As a rule, much greater quantities of 
cerium were found in the intestines than m any other organ The liver 
and spleen usually contained some cerium, but never as much as the 
mtestmes did 

The four above-mentioned observations lead directly to the general 
conclusion that, however introduced into the organism, cerium leaves the 
body by the alimentary canal and is excreted, m great part at least, 
through the intestinal wall From the fact that some eenum was found 
m the liver, it may be inferred that possibly a small quantity was also 



530 


CERIUM OXALATE FOR RELIEF OF VOMITING 


excreted by the liver into the bile, even though none was ever demon- 
strated therein Cerium did not leave the body through the kidneys m 
appreciable quantities 

3 GENERAL SUMMARY 

The conclusions at which we have finally arrived, m addition to those 
311 st summarized, are the following 

1 Commercial cerium oxalate is non-tonxic 

2 Cerium oxalate has no inhibitory effect whatever on vomiting of 
cmti al origin 

3 Cenum oxalate may inhibit vomiting due to local nutation of the 
gaslnc mucosa, but only if given m large doses for some time so as to 
coat the stomach wall pretty generally 

4 Cerium oxalate is not absorbed from the gastrointestinal tract 

These four propositions complete a very close analogy between cerium 

oxalate and bismuth subnitrate Both salts are insoluble and, because 
of this property, neither is absorbed from the gastrointestinal tract 
This fatter fact, m the case of bismuth, has resulted m its use for vari- 
ous local disorders of the alimentary canal, but, so far as the literature 
furnishes any evidence, the use of cerium oxalate has been directed, m 
great pait against the reflex vomiting of early pregnancy, a condition m 
which no one could rationally think of using bismuth 

It certainly seems reasonable to suppose that cenum oxalate ought to 
prove efficacious m alleviating all those conditions for which bismuth is 
at piesent used , 11 m other words, those m which a protective coating to 
the wall of the viscus is desired In this respect its use is at present ex- 
tending, for mstance, some men find it efficient for relieving the irrita- 
bility of the stomach m alcoholic gastntis, others for allaying the gastric 
distuibances that occasionally manifest themselves m the course of infec- 
tious diseases 

There is no reason for doubting its value m these and similar condi- 
tions, such as gastric ulcer, m which the vomiting is due to a local irri- 
tation of the mucous membrane But m the doses that some men pre- 
scube 0 15 gm to 0 20 gm, it can hardly be hoped that it will prove 
efficient In view of the manner m which it now appears that cerium 

11 Quite pertinent m this relation are the recent reports of cases of nitrite 
poisoning following the administration of bismuth subnitrate, especially m chil- 
dren, and the animal experimentations of Bohme upon the toxicology of bismuth 
subnitrate and its decomposition into nitrites by the bacterial flora of the feces 
Bohme (A) Aicli f exper Path u Pharmakol , 1907, Ivn, 441-452 Wileke 
Ztschr f Med -Beamte, 190S, xxi, 2G8 271 Worden, Sailer, Pancoast and Davis 
X'lin of Penn Med Bull , 190S, xix, 122-141 
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oxalate accomplishes its purpose, namely, mechanically, by coating the 
wall of the stomach, these closes seem ridiculously small Ceiium oxa- 
late ought to be administered m doses compaiable to those m which 
bismuth subnitrate is given 

This research was pioposed to us by Di William J Gies, was carried 
out under his supervision, and his suggestions tlnoughout the course of 
this work were of great value He wishes us to state that his attention 
was drawn to this subject by Ins colleague, Prof Virgil Coblentz, of the 
Hew York College of Pharmacy, who very generously supplied nearly 
all the material with which our tests were made 

437 West Fifty-ninth Street 
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I THE QUANTITATIVE DETERMINATION OE BILIRUBIN IN BLOOD SERUM 

Tli e ii one considers the frequency of jaundice as a clinical manifes- 
tation and its rmpoitance as a diagnostic sign m various diseases, it is 
somewhat sui prising that its detection and measurement should so long 
have escaped the refinements which come fiom the application of accu- 
late laboratory methods 

It is the eveiy-day experience that both of the usual means of lecog- 
mzmg the presence of bile pigment m the blood — the visible pigmenta- 
tion of the skin and mucous membranes and the reaction for bilirubin 
m the urine — are crude and often unsatisfactoiy In the lesser grades 
of cholemia the mine does not react for bile pigment, and the appear- 
ance of the skm and membianes is often such as to leave one wholly m 
doubt as to whether oi not a jaundice really exists 

The examination of the blood itself — the method that would seem to 
be the most direct and reliable — has failed thus fai to come into any- 
thing like general use 

A number of tests for bilirubin m blood serum have, however, been 
devised and used The simpler of these, such as the methods of Hamel 3 
and Posselt, 2 depend on a compaiison of the color of the serum to be 
tested with that of normal serum, and are crude and not entirely trust- 
worthy Of the several qualitative chemical tests the modification by 
Syllaba of Gerhardt’s procedure is perhaps the best 3 Until recently no 
satisfactory quantitative test for bilirubin m the blood was available 
In 1903, however, Gilbert and his pupils developed a method of measur- 
ing the bilirubin content of blood serum which is simple enough for use 
m the clinical laboratory and seemed to them to give reasonably accu- 

*From tlie Medical Service of the New York Hospital 

1 Hamel Deutsch med Wclmschr , 1902, xxvm, 1702 

2 Possett Zentralbl f inn med , 1907, xxvm, 489 

3 The test recently recommended by Biffi (Folia hfEmatologica, 190G, m, 1S9) 
ve have not used 
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rate lesnlts The method consists m an adaptation of the familiar 
Gmelin test to fluids rich m albumin, and a standardization of it so that 
it can be used as a quantitative test 

In such albuminous media the complete Gmelin leaction, that is, the 
characteristic play of colors, occurs only when bilirubin is present m 
relatively strong concentrations, for example, between 1 to 3,000 and 1 
to 5,000 In strengths of from 1 to 7,000 to 1 to 11,000 the reaction 
appears as a distinct blue-green ring, but without the color play (“Hay- 
em’s reaction”) In weaker solutions of bilirubin the blue ring at the 
point of contact becomes finer, and has a violet rather than a gieen re- 
flection, but remains distinct up to a dilution of about 1 to 40,000, be- 
yond which point it ceases to disappeai 

Working with well-known stiengths of puie bilnubm, Gilbeit, Hei- 
scher and Posternak 4 have found the limit of this reaction — the point 
bevond which no distinct blue ring is to be seen — to repiesent con- 
stantly a dilution of approximately 1 to 40,000 Furthermore, they be- 
lieve that they have proved that this blue ring is characteristic of bili- 
rubin and is not produced by any othei substances m the blood, such as 
albumin, hemoglobin, mdiean or lutein It is on this assumption that 
the limit of the Gmelin reaction m the blood lepresents a definite 
stiength of bilirubin, that they have based then method of measuring 
the bilirubin content of blood serum. 

Details of tue Method of “CholemimEtrie ” 

The plan consists m making a series of known dilutions of the blood serum 
to be tested, m tubes of standard size, underlying the fluid m each tube with 
fuming nitric acid and noting the tube m which only a faint blue ring is visible 
at the end of a certain period The bilirubin concentration m this tube is then 
assumed to be 1 to 40,000, and, the degree of dilution being known, it is easy 
to calculate the bilirubin concentration in the undiluted blood seium 

APPARATUS REQUIRED 

1 Eight or ten flat-bottomed cylindrical glass tubes 4 or 5 cm long, with an 
inside diameter of 1 cm (It is convenient to have a block of wood oi a frame 
into which these tubes can be set m a row ) 

2 Three pipettes (a) One holding 15 cc and graduated accurately to 
1/20 cc, for measuring the blood serum, (b), one holding 2 cc and graduated 
to 1/4 cc, for measuring the diluting fluid (“artificial serum”), (e), one with 
a tapering point, to measure approximately 1/4 cc of the nitric acid reagent 

REAGENTS REQUIRED 

1 The artificial seium The whites of seveial eggs aie added to an equal 
volume of 0 7 per cent sodium chlorid solution, thoroughly mixed, and allowed 
to stand on ice for twenty foui hours The liquid is then decanted and to it is 


4 Gilbert, Herscher and Posternak Sui la reaction de Gmelin dans les 
milieux albummeux, etc, Compt lend Soc d biol , 1903, lv, 530, 574, 15S7 
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added caustic soda, m the proportion of 0 5 gm to 100 c c It is then allowed 
to stand three or four days befoie using, during which time a precipitate forms 
which includes the coloring matters of the egg-white When used the liquid 
should he perfectly colorless m the thickness of 1 cm This artificial serum m its 
fluidity, albumin content and alkalinity approximates blood serum It should he 
kept cool, and should be freshly made at least every month 

2 The nitric acid reagent 

Puie HNO s 200 cc 

Distilled water 100 c c 

Sodium nitrite 0 06 gm 

The bottle must be kept carefully stoppered 

TECHNIC 

Distribute m each of, say, 6 glass tubes with the pipette B exactly 0 5 c c 
of aitificial serum, then add with pipette A increasing amounts of blood serum 
(e g, 1/20 cc in the first tube, 2/20 m the second tube, 3/20 m the third, 5/20 
m the fourth, 8/20 in the fifth and 12/20 m the sixth tube) and mix by shaking 
Undeilay the fluid m each tube with 1/4 cc of the acid leagent with the pipette 
C After standing for thirty minutes the tubes are examined For this good 
daylight (not direct sunlight) is needed The examiner’s back should be to the 
light, the eyes should be somewhat above oi below the tubes, rather than on a 
level with them, and the tubes should be held against a white background If 
the blood serum contain sufficient bilirubin, in some of the tubes at the line of 
contact between the acid and the serum will be seen a clear blue ring, the nng 
being more pronounced in the tubes containing the larger amounts of blood 
serum The tube m which the first faint but distinct blue ring is seen, theie 
fore, is assumed to contain bilirubin m the dilution of 1 to 40,000 ( See plate ) 
The strength of bilirubin in the initial blood serum can then be readily obtained 
by the following formula 

% = 10 + a 

X 

a 

X represents the fraction 1/40000, a ~ the number of twentieths of cubic 
centimeters added 

Example — If the nng is first seen in the tube to which 5/20 e c of blood 
serum has been added, then 

a = 5 and cc = = 3/40000 = 1/13333 

5 

The blood seium, tlierefoie, contains bilnubm m the latio of about 1 to 13,300 

If 30/20 cc of blood seium are needed to show the ring, then a =30 and 
the bilirubin content will be 1 to 30,000 If 60/20 c c are required the bilirubin 
content will be 1 to 34,300 

In this case it will be found convenient to use only 30/20 c c of the blood 

serum and add it to 1/4 (instead of 1/2) c c of the artificial serum The re- 

sulting mixture will be the same and a will still equal 60 On the other hand, 
if bile pigment is present m large amount and the tube containing 1/20 c c of 

blood serum gives too strong a reaction, it will be necessary to mix 1/20 c c of 

blood serum with 1 or even 2 cc (instead of 1/2) of artificial serum Then a 
= 1/2 or 1/4 and the bilirubin content will be, respectively, 1 to 1900 or 1 
to 975 

If undiluted blood serum is needed to give the faint blue ring, the bilirubin 
content will of course represent a dilution of 1 to 40,000 If bile pigment is 
present m smaller amounts than this, no blue line can be detected 

In case the blood serum to be tested is of pale color, or is believed to con- 
tain only a small amount of bilirubin, instead of beginning the series with 1/20 
c c of the serum, it is well to begin with a considerably larger quantity and to 
increase the amount rapidlv, for example, m the first tube 16/20 cc, m the 
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second 18/20, m tlie thud 20/20, m the fourth 25/20, m the fifth 30/20, m the 
sixth 40/20 A little experience will enable one to select the dilutions so that 
the end-i eaction shall usually fall somewheie within the senes If it does not, 
other tubes must be piepaied, foi it is necessary to have at least one tube m 
which no blue line can be seen It is important that the examination be made 
just half an hour after the tubes have been prepared, as the reaction tends to 
become stronger on standing and tubes which fail to give a l eaction within the 
specified time may do so after an hour or two 

Using tins method, Gilbert and his pupils have established the avei- 
age bilirubin content of the blood m a large series of normal individuals 
and m a number of conditions associated with moie or less distinct 
jaundice, such as simply family cliolemia, cholelithiasis, pneumonia, 
chionie interstitial neplmtis, advanced heart disease, alcoholic and bil- 
iary cirrhosis, icterus gravis, etc 5 Since the blue ling is found to occur 
legulaily m the undiluted serum of normal peisons, Gilbert and Hei- 
scher 6 aie led to the belief that noimal human blood serum contains a 
minute quantity of bilirubin, such as is known to be piesent normally 
m the blood of certain of the lower animals They found this physio- 
logic cholemia to conespond to a bilirubin stiength which vanes be- 
tween 1 to 28,000 and 1 to 40,000, with an average of 1 to 36,500 

Our own experience with this method of measuring the bilirubin con- 
tent of blood serum covers a period of fifteen months and includes up- 
ward of 160 examinations made m about 120 cases The list of sub- 
jects examined includes noimal individuals, many patients with pneu- 
monia, nephritis, typhoid fevei, heart affections, cancer, tubeiculosis, ap- 
pendicitis, rheumatism and a gieat variety of affections of the liver and 
bile passages In general, our own results, which were constantly con- 
trolled by other, qualitative tests, correspond closely with those of Gil- 
bert and his followers 

We have found it advisable, however, to make two slight modifica- 
tions of the method as above described* first, m making the artificial 
seium, when sodium hydioxid is added m the stiength prescribed (0 5 
per cent ) it is frequently impossible to prevent the egg albumin from 
foimmg a jelly-like mass This we have been able to avoid by reducing 
the stiength of the sodium hydroxid to 0 3 per cent Second, we have 
found that a much sharpei and clearer line of contact between the acid 
and the serum can be obtained by first putting the acid reagent m the 
tube and then overlaying this with the mixed seium This procedure re- 
quires the mixing of the artificial and the blood serum before they are 

5 See numerous publications m Compt rend Soc d biol , Paris, during tlie 
yeais 1903, 1904 and 1905 

0 Gilbert and Heiscliei Compt rend Soc de biol , 1905, Ivm, 899 
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placed in the tubes and, therefore, takes a little moie time, hut it in- 
creases materially the distinctness of the reaction 

We have found that one quickly acquires facility m recognizing the 
end-reaction and have been surprised to see how closely the independent 
readings of the same tests by different persons agree The test is open 
to the objections inherent in all quantitative tests which depend on fine 
distinctions of color, and the figures can not, of course, be looked on as 
other than approximate In control tests, with solutions of pure biliru- 
bin, we have found, however, that the limit of the reaction conesponds, 
quite uniformly, with a dilution of about 1 to 40,000 when read at the 
end of half an horn, and that a distinction between such dilutions as, 
say, 1 to 32,000 and 1 to 35,000, can be made without difficulty In the 
application of the test one possible source of error has been encountered 
In the very few cases m which we could demonstrate a considerable 
amount nf urobilin in the blood (but no bilirubin) this test gave a 
peculiar smoky purplish coloi at the point of contact which by careful 
inspection, howevei, was readily distinguishable from the blue ring of 
bilirubin 

We have found, with Gilbert and Herscher, that a faint blue ring is 
present, usually, m undiluted normal blood serum, and that it is in- 
distinguishable from that obtained in control tests with very weak bili- 
rubin solutions We are, therefore, inclined to agree with these writers, 
that the blood normally contains a minute quantity of bilirubin, al- 
though we have not yet obtained positive proof of this fact 

The test, we believe, is of distinct clinical value Slight grades of 
jaundice and fluctuations m jaundice, which are quite imperceptible to 
the eye, are readily detected and measured We have several times seen 
it of service as an aid m distinguishing between appendicitis and chole- 
cystitis In the differentiation of gallstone attacks from gastric or renal 
affections it seems likely to be of help, although we have as yet had no 
opportunity to try it 

The time required for making the test is not great and the chief 
obstacle to its general use is the difficulty of obtaining a sufficient quan- 
tity of blood This difficulty, however, we have found to be much less 
than might be supposed, and m hospital practice at least the blood can 
be obtained with very little tiouble The method used by us is as fol- 
lows 

After the uppei arm has been bound so as to obstruct the venous 
leturn and the skin about the front of the elbow has been made aseptic, 
a sterile aspirating needle of medium size is thrust through the skin 
over the median cephalic oi basilic vein, and then, with a second slight 
thrust is made to penetrate the vein From 15 to 30 c c of blood are al- 
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lowed to flow directly into a clean, large test-tube, and then the arm 
ligatuie is removed before the needle is withdrawn If the needle is 
bright and smooth and the procedure is done buskly, the blood will 
usually flow freely and there will be no clotting m the needle The 
tube of blood is allowed to clot m the open an and is then placed on ice 
to permit the serum to separate This separation may be hastened some- 
what by placing the tube for a shoit time m a thermostat The yield of 
clear serum is usually 40 to 50 per cent of the volume of whole blood 

II THE RELATION OE UROBILINURIA TO BILIRUBINEMIA 

In connection with their studies of the bilirubin content of the blood 
seium m various diseases by the method just described, Gilbeit and 
Herscher 7 investigated the condition of the urine with regaid to uro- 
bilin They found that in all cases m which the urine contained patho- 
logic amounts of urobilin, oi its precursor, urobilinogen, the blood regu- 
larly showed a pathologic amount of bilirubin They weie not able, 
however, to demonstrate urobilin m the blood, even when it was present 
m the urine in very large quantity The constant relation between 
bilirubmemia and urobilmuria, the absence of urobilin from the blood, 
and the lesults of certain experimental work led them to believe that the 
nrobilm which appeared m the urine was not simply the result of the 
excretion by the kidneys of urobilin carried to them by the blood, but 
was actually produced m the kidneys themselves, by a process of i educ- 
tion from the bilirubin of the blood, and that urobilmuria was, there- 
foie, only the index of a cholemia 

This theory of the renal origin of the unnary uiobilm had been sug- 
gested by von Leube 8 many yeais before, as a lesult of Ins findings m a 
case of jaundice m which the urine showed only urobilin, wheieas the 
sweat, obtained by pilocarpm injections, contained only bilirubin Yon 
Jaksch 0 also was inclined to accept this view of the origin of uiobilmu- 
na, as were certain Italian investigators (Patella and Acoiimboni, 10 
My a 11 ) 

Evei since the discovery of urobilin by Jaffe 12 (1868) much uncei- 
tamty and much difference of opinion have existed concerning both its 
origin and its clinical significance It is known to occur m the unne 

7 Gilbeit and Herscher L’urobihnune, Presse med , 1902, x, 843 Also 
Hex sober Oi lgme rgnale de l’urobihne Thesis, Pans, 1902 

8 von Leube Beitr zur Lelire von Urobilmikterus, Sitzungsb d phjs me 
Gesellsch z Wurzburg, 1S88, p, 120 

9 Yon Jaksch Ztschr f Heillc , 1895, xvi, 48 

10 Patella and Acorimbom Rev elm , 1891, 465 

11 Mya Arch ital di elm med , 1891 

12 Jaffg Zentialbl f d med, Wissensch , 1S6S, vi, 241 
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m a gieat variety of pathologic conditions 13 and to he piesent often m 
small amount m normal urine which has stood for some houis m the 
light In freshly passed noimal urine, however, urobilin itself is not 
found (Saillet 14 ) Theie has been much discussion, also, over the rela- 
tionship between the urobilin of the urine, the stercobilm of the feces 
and a body, having the same characteristics, which Maly obtained by the 
reduction of bilirubin and named hydrobilirubm Although complete 
agreement is still lacking, the w eight of evidence is strongly m favor of 
the identity of these three substances The attempts also of Mae- 
Munn , 15 Jolles 10 and otheis to distinguish between "physiologic” and 
"pathologic” urobilin, chiefly on the ground of slight spectroscopic dif- 
ferences, seems to be without justification (Ganod and Hopkins , 17 Hil- 
debrandt , 13 Huber ls ) 

It was early noticed that many urines which were light colored when 
passed and gave no reaction for uiobilm, after standing a few hours m 
the light, would grow darker m color and present the characteristic re- 
actions of uiobilm The conclusion was natural that such urines must 
contain some colorless ehromogen which, by the action of light, was 
gradually eonveited into urobilin Such a colorless body (urobilinogen), 
which, when acted on by sunlight, was conveitible into urobilin, was 
produced by Hoppe-Seyler 19 by the strong reduction of hemoglobin, and 
by Disque 20 by a similai reduction of bilirubin The change of urobi- 
linogen into urobilin was shown by Disque to be a process of oxidation 
Further valuable information concerning the chemical nature of uro- 
bilinogen was furnished by Hencki and Zaleski , 21 who were able to pro- 
duce it from hematm They found that it had the formula C S H 13 N 
and gave the pyrrol reaction, and they named it, therefore, liemopyrrol 
Further evidence of the pyriol nature of urobilinogen has recently 
been supplied by Neubauer 22 Moreover, it has been shown by various 

13 For details of the clinical aspects of urobilinuria see article of Hilde 
brandt Studien uber Urobilmurie und Ikterus, Ztsch f klin Med , 1906, lix, 
351 

14 Saillet Rev de mCd , 1SD7, xvn, 109 

15 Mac Munn Jour of Physiol , 1890, x, 71 

10 Jolles Zentralbl f inn med , 1895, xvi, 1161 

17 Garrod and Hopkins Jour of Physiol, 1896, xx, 112 

18 Huber Uebei die Ursache und der Bedeutung der Urobilmurie, Charite 
Ann , 1906, 49 

19 Hoppe-Seyler Bei d deutscli cliem Gesellscli , 1S74, vu, 1065 

20 Disque Zeitschr f plijsiol cliem, 1878, n, 259 

21 Zseneki and Zaleski Ber d deutsch cliem Gesellscli , 1901, xxxiv, 997 

22 Neubauer Sit?ungsb d Gesellscli f Moipliol u Plnsiol in Mimclien, 
1903, n, 32 
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investigators that urobilinogen occms m the urme, feces and bile undei 
the same conditions as., and nsnally m association with, urobilin 

Since there is now general agreement that nrobilmogen is simply a 
piecnrsor of urobilin and has the same source and the same significance, 
we shall, for the sake of convenience, m what follows, use the term uro- 
bilin to include both urobilin piopei and urobilinogen, unless it is made 
evident fiom the context that the term is used in its more restricted 
sense 

The renal theory of the origin of urobilmuna, so vigorously advo- 
cated by Gilbert and Heisehei, while attractive and plausible, is yet so 
conti aiy to the geneially accepted views that it has seemed to us desir- 
able to verify, if possible, the assertions of these investigates that uro- 
bilmuna occurs only when an abnormal quantity of bilirubin is piesent 
in the blood, and that, even when urobilin is abundant m the urine, it 
can not be found m the circulation Moreover, it was desirable to kn ow 
if anything like a quantitative relationship could be established between 
the urobilin m the urine and the bilirubin m the blood, as one might 
leasonably expect if the former were merely the result of the lattei 

With these objects m view we have, m most of the cases m which the 
bilirubin content of the blood was determined, examined the urine simul- 
taneously for urobilin In many of the cases, also, urobilin has been 
sought for m the blood 

Before giving the results of these investigations it is necessary to 
describe m some detail the methods employed, since the conflicting re- 
sults of different writers, especially those relating to the demonstration 
of urobilin m the blood, seem to be due, m large part, to differences m 
method and technic 


Methods Employed 

Foi the demonstration of biliiubm and urobilin m blood serum we have relied 
chiefly on Iledenius’ and Syllaba’s methods, the latter slightly modified 

Hedemus’ method - 3 This consists m the precipitation of from one to three 
c c of serum with two volumes of 95 pei cent alcohol, acidification with 5 drops 
of 10 per cent hydrochloric acid and filtering, after having heated twice to boil- 
ing Filtrate and sometimes precipitate, are green m the presence of bilirubin 

Syllaba’s modification of D Gerhardt’s method “About 5 c c of serum is 
doubly diluted with watei and coagulated with the addition of sodium sulphate 
and acidification with acetic acid The bilirubin will be completely carried down 
by the coagulated albumin, while the urobilin will remain m solution Filter In 
ordei to make sure that coagulation is complete the filtrate is boiled If there 
is no urobilin present, the filtrate is clear, colorless, and spectroscopically free 
fiom the absorption band If urobilin is present the filtrate is reddish colored 
and shows spectroscopically a fine stripe between C and F The precipitate col- 

23 Hedemus Malby’s Jaliresberichte, 1894-5, xxiv, 385 

24 Sillaba Folia luematologiea, 1904, 1, 636 
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leeted on the filter-paper is white in the absence of bilirubin but is of a pale 
yellow color if it is present The precipitate is then washed with hot water, 
boiled with alcohol acidified with sulphuric acid and filtered In the presence of 
bilirubin the alcohol is colored a bright green and the precipitate on the filter 
paper is also green In the absence of bilirubin the alcohol is colorless and the 
precipitate is white ” 

In working with Syllaba’s method we found that frequently some of the 
uiobilm was carried down with the precipitated albumin and appeared only in 
the filtrate obtained after the pieeipitate had been boiled with acid alcohol On 
this account lie slightly modified Syllaba’s proceduie as follows 5 cc clear 
serum, diluted with 10 e c distilled water, were coagulated by short heating in 
water bath after the addition of about 0 5 gm powdered sodium sulphate and 1 
ec of 5 per cent acetic acid The filtiate from this was either practically coloi- 
less or faintly yellow or faintly pink The color of filtrate, we found, could not 
always be taken as an index of the piesence or absence of urobilin and all fil- 
trates must be carefully examined spectroscopically after the addition of two or 
three diops of Lugol’s solution We employed a large spectroscope and absorp 
tion cells from 1 to 4 cm m depth (A small pocket spectioscope gives fairly 
satisfactory lesults if filtrates are cleai ) After neutralization, the filtrate was 
tested with Sehlesinger’s zinc acetate solution for confirmatory green fluorescence 
This was allowed to stand twenty-four hours before being pronounced negative 
The precipitate, usually very faintly yellow or white, was boiled m water bath a 
few minutes with 20 to 30 c c of 5 per cent acid alcohol (hydrochloric acid 
5 , 95 per cent , alcohol, 95 ) The filtrate from this was sometimes colorless, some- 
times gieen, sometimes yellowish pink The coloiless filtrates contained neithei 
urobilin nor bilirubin The green filtrates contained bilnubm, and on spectro 
scopic examination occasionally showed a band of urobilin The pink filtrates 
contained only urobilin Syllaba does not mention the possibility of obtaining a 
pink acid alcohol filtrate, so it is probable that be had no opportunity to work 
with sera containing as large quantities of urobilin as those we encountered 

The confirmatory green fluorescence may readily be obtained, after neutral- 
ization, in the pink filtrates, but this reaction is not so satisfactory m the green 
filtrates, as biliverdm will give a confusing fluorescence This fluorescence of 
biliverdm 'with zinc acetate solution m our experiments, seemed to bear a direct 
relation to the amount of biliverdm present Occasionally the precipitate from 
5 per cent acid alcohol is green, at other times pearly white or pearl blue A 
further boiling of this precipitate with 20 per cent acid alcohol will yield a 
filtrate similar to that obtained with 5 per cent acid alcohol if the amount of 
pigment was originally large The sera m which by this method we were able to 
demonstrate urobilin only, and no bilirubin, gave after coagulation an almost 
colorless, or faintly yellow or pink filtrate as described above, showing cliarac 
teristic absorption band and giving fluorescence with zinc acetate The precipitates 
from these sera were bluish-wlute and on boiling with 5 per cent acid alcohol 
they gave a pink filtrate showing an absorption band, and fluorescence with zinc 
acetate In the specimens showing large amounts, reboilmg with 20 per cent 
acid alcohol gave a similar but much fainter reaction Ho green filtrate could 
be obtained 

Ehrlich’s para-dimethyl-amido-benzaldehyd reagent (2 per cent solution m 5 
per cent hydrochloric acid) gave a positive reaction in three of our cases In 
two the characteristic red color developed immediately and m the other after 
fifteen minutes As shown by Heubauer, 53 this substance reacts to all bodies 
containing the pyrrol ring That m these cases the body responsible for the re 
action was urobilinogen was readily shown by the demonstration of the absorp- 
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tion band of urobilm, as well as that ot the benzaldehyd, on the completion of 
the reaction 

Attempts to separate the urobilin directly from the serum by means of 
amyl alcohol were unsuccessful because of the tendency to the formation of an 
emulsion, from which the alcohol separated very slowly and incompletely 

Brauns tern’s 23 test was found inapplicable, failing m several sera known to 
contain urobilin It gave a positive pink chloroform extract m one serum m 
which all other tests for urobilin were negative 

Schlesmger's direct application of his zinc acetate test without previous 
coagulation gave a positive fluorescence and band m one case m which we had 
previously demonstrated urobilin Blood is received directly into a 0 5 per cent 
solution of calcium oxalate m 200 c c 0 7 per cent sodium chlond solution and 
corpuscles separated by centrifuge The zinc acetate solution is added to the re- 
sulting fluid The possibility of bilirubin giving rise to a deceptive fluorescence 
should be borne m mind and results confirmed by spectroscope 

Urobilin and bilirubin m urine The characteristics relied on for the demon 
stration of urobilin m the urine were its absorption spectrum, a single band be- 
tween 0 and F near F and the green fluorescence developing m the presence of 
certain zinc salts The chromogen urobilinogen has no characteristic spectrum 
but it is readily, and apparently quantitatively, converted into urobilin by the 
addition of a few drops of Lugol’s solution The fluorescence may be readily de- 
veloped by the addition of an equal volume of a 10 per cent solution of zinc 
acetate m absolute alcohol as suggested by Sehlesmger This is a simpler and 
more sensitive method than the older one m which zinc chlond and ammonia 
were used Ehrlich’s benzaldehyd reagent was not used for demonstration of 
urobilin because the many substances containing the pyrrol ring which may 
occur m the unne necessitate the spectroscopic confirmation of each positive re 
action 

For the quantitative estimation the simple method was used of diluting the 
specimen to the point of disappearance of the absorption band when observed m 
a layer 1 cm deep The complete daily volume of urine was not taken into ac 
count m these estimations (The highest value we encountered m this senes 
lequired a dilution of 100 times before the disappearance of the band ) 

For the demonstration of bilirubin Huppeit’s test and its various modifica 
tions were sometimes used, as was also Hedemus’ test, but we relied chiefly on 
Rosenbach’s modification of Gmehn’s test For this several sheets of soft 
Swedish filter-paper were used and a large volume of urine slowly filtered 
tlnough them On the pigment thus collected a drop of yellow nitric acid gave 
the most satisfactory play of colors 

Simultaneous quantitative examinations of the blood serum foi bill 
lubm and the urine foi urobilin were made m 121 cases The results 
of the examinations of the urine have been grouped into five classes, 
accoidmg as uiobilmuna was absent, slight, moderate, marked or ex- 
treme Similarly the results of the examinations of the blood for bili- 
rubin have been divided, arbitrarity, into five groups, representing dif« 
ferent degrees of bilirubmemia 

The mutual relations between the two series of gioups can best be 
appi eciated by their graphic representation, as m the accompanying 
chart 


25 Braunstem Ztschr f Krebsforseli , 1903, i, 15 
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Considenng, liist, the gioup of cases (50 m all) in. which the bili- 
rubin content of the blood may be regarded as normal (1 to 35,000 
or less), it will be seen that the urine was entirely free from urobilin m 
two-thirds of the cases and that m all the remaining ones urobilin was 
piesent m only slight amount A study of Groups 2 , 3 and 4 will show 
that, as the bilirubin content of the blood increases, theie is also a steady 
rise m the average of urobilin m the urine, although the individual cases 
of each gioup show well-marked variations m the degree of uiobilinuiia 
Group 5, however, which contains the highest grades of bilirubmemia 
and represents the cases of marked ]aundice, shows a striking departure 
from tins general rule Of the 19 cases included m it, 10 showed no 
uiobilm m the urme and 3 others only a small quantity, but m all of 
these 13 cases the urme gave a strong reaction for bilirubin (indicated 
by the letter B m the chart) In the remaining 6 cases of this group 
the urme contained very large quantities of urobilin, but no bilirubin 
(It should be added that m no other cases of the entire series was bile 
pigment found m the urine ) 

It has long been known that in many of the severest cases of jaundice 
the urme is entirely free from urobilin The usual explanation for this 
peculiarity is that m such cases there is complete occlusion of the com- 
mon or hepatic duct and, because no bile can enter the intestines, no 
uiobilm (stereobilm) is formed Indeed, it is just this class of cases 
that has furnished one of the stiongest arguments of the supporters of 
the theoiy of the enterogenous origin of urobilmuria Gilbert and Her- 
scher attempt to harmonize these facts with their renal theory by suppos- 
ing that, when the concentration of bilirubin m the blood reaches a cer- 
tain point the kidneys are, as it were, overwhelmed by it and are no 
longer able to convert it into urobilin and that, therefore, bilirubin 
passes unchanged into the urme 

If we except the cases just referred to, it is evident from the chart 
that a very close relationship between bilirubmemia and urobilmuria 
does exist When the bilirubin content of the blood is normal, urobilin 
is either absent altogether, or is present m the urme only m very small 
quantity With the increase of the bilirubin concentration there is a 
well-marked tendency for the urobilmuria to become more and more 
pronounced But this quantitative relationship is by no means appar- 
ent m every case In each of the Groups 2 and 3 there aie two or three 
cases m which the urme contained no urobilin at all 'On the other 
hand, the last ease m Group 2 showed a degree of urobilmuria greatly 
m excess of that of the other cases of that group. It is evident, there- 
foie, that, while it may be stated as a general rule that bilirubmemia and 
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urobilmuria go hand m hand and usually bear a rough quantitative rela- 
tion to each other, the exceptions to this rule are so frequent and impor- 
tant that it can hardly be said to furnish much support to the renal 
theory of the origin of urobilmuria 

III UROBILIN IN THE BLOOD 

Veiy conflicting opinions have existed concerning the presence of 
urobilin m the blood Herscher, 7 m 55 examinations m cases of marked 
urobilmuria, was never able to demonstrate it, and these negative results 
were used to support the renal theory of urobilmuria Schlesmgei, 26 
using better methods, failed, m 15 cases of marked urobilmuria, to 
detect urobilin m the blood, and endorses the views of other writers 
(Gerhardt, h Muller), that, m fresh blood, urobilin m any considerable 
quantity does not occur On the other hand, Huber 18 states that m the 
40 cases examined he was always able to find urobilin m the blood when 
it was present abundantly m the urme He ascribes Hei seller’s negative 
results, and his own earliei ones, to the use of unsatisfactory methods 
He insists that with Schlesmgers method its demonstiation m the blood 
is easy It is necessary to convert the urobilinogen into urobilin by add- 
ing one or two drops of Lugol s solution, and this, he thinks, is probably 
the leason vhy Schlesmgei himself failed to find it Biffi, 27 m a very 
recent aiticle, states that urobilin (or its chromogen) can be demon- 
strated not infrequently m the blood and that m certain diseases, e g, 
croupous pneumonia, it is to be found "almost always” m considerable 
amounts 

Our oun expenence does not tally exactly with that of any of the 
writers cited In spite of repeated and careful efforts, m patients with 
marked urobilmuria, our results were uniformly negative until we 
chanced to examine blood serum from a patient with a very severe case 
of lobar pneumonia with begmnmg pulmonary edema, on whom venesec- 
tion had been done The results in this case were m striking contrast to 
those of our other cases Urobilin could be demonstrated readily by 
eveiy method and could be easily measured by the spectroscope In 9 
other cases of the same sort — patients with very severe pneumonia who 
soon afterward died — exactly the same results were obtained (In sev- 
eral of these cases urobilin was present in such quantity that the un- 
treated blood serum showed a pronounced green fluorescence ) In these 

2G Schlesrager Zum Idimscbe Nachweis des Urobilin Deutscli med 
Wchnschr, 1903, xxrr, 561 

27 Biffi Ueber das Vorkommen emer bedeutenden Menge \on Urobilin im 
Blute menschliehen Leiclien, Folia hcematologiea, 1907, iv, 533 
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eases there was nothing m the nrobilm content of the mine to distin- 
guish them from many other pneumonias While the urobilin was abun- 
dant m the mine (the dilution values vaned between 6 and 40), it was 
less m amount than m several cases of pneumonia which showed no uio- 
bi'lm m the blood, and was much less than m certain cases of emhosis 
m which, likewise, the blood failed to show urobilin 

Another surprising fact m these 10 fatal cases of pneumonia was 
that, while urobilin was piesent m large amount, no bilnubm could be 
found m the blood In 3 severe cases of pneumonia m which the patients 
eventually recovered, the blood contained a small quantity of uiobilm 
and also some bilirubin Still anothei severe case showed only bilirubin 
on the fiist examination On the next day the blood contained both bili- 
rubin and urobilin A day or two later the patient died, without an- 
other blood examination having been made In contrast to the blood 
findings m these severe cases of pneumonia, theie weie 15 cases with 
recovery m which no uiobilm could be demonstrated m the blood In all 
but one of these the blood contained an increased quantity of bilirubin 
The constant ajipeaiance of uiobilm m the blood m pneumonia pa- 
tients shortly (fiom one to three days) before death seemed to present 
such a notable exception to the geneial rule (m our examinations) that 
no urobilin can be found m the blood, even when it is piesent abundantly 
m the urine, that effoits were made to find some explanation for tins 
peculiarity The appaient disappearance of bilirubin fiom the blood 
suggested the possibility that the growth and multiplication of pneumo- 
cocci in the blood might bring about the transformation of the circu- 
lating bilirubin into urobilin Another possibility was that, by the ac- 
tion of the bacteria, urobilin might be formed directly from the hemo- 
globin of the blood Added plausibilit} r was lent to this idea by the well- 
known fact that the growth of pneumococci m blood-containing media 
is often associated with the deveopment of a greenish coloi, as, for exam- 
ple, m the green-tmted vegetations m acute pneumococcic endocarditis 
In ordei to deteimme these points, agar plates, to which had been added 
varying quantities of blood, were inoculated with pneumococci obtained 
from some of the fatal cases, a second series of plates was inoculated 
with Streptococcus mucosus capsulatus obtained from the patient m a 
fatal case of septicemia with pneumonia and urobilmemia In addition, 
cultures of these organisms were made m bouillon and glucose bouillon 
to which had been added varying amounts of hemoglobin and bilirubin 
In none of these cultures, however, could urobilin be demonstrated A 
paitial i eduction of the hemoglobin v as obtained, but no urobilin 
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Eabbits weie also inoculated — two with the pneumococcus and one 
with the Streptococcus mucosus — but their blood, although swarming 
with the bacteria, failed to show urobilin Portions of consolidated lung 
from patients showing ui obilmemia, when washed free from blood and 
ground m a mortar, likewise failed to show the presence of urobilin 
We were, therefore, forced to the conclusion that the maiked urobilme- 
mia observed in the very severe forms of pneumonia is not to be ex- 
plained on the ground either of bacterial transformation of hemoglobin 
or bilirubin into urobilin m the blood, or the formation of urobilin m 
the hepatized lung itself 

A recent statement by Biffi, 27 which has come to our notice only since 
the completion of this work, has a direct bearing on this subject He 
found that postmortem blood almost invariably contained urobilin m 
considerable quantity In 96 such examinations he could demonstiate 
urobilin m the heart blood m all but two cases, and these two were cases 
of sudden death m persons up to that time m good health That the 
urobilinemia was due neither to a postmoitem diffusion of the intestinal 
stercobilm nor to bacterial reduction of the plasmochrome (bilirubin ? ) 
into urobilinogen he thinks probable from the fact that it was found in 
eases examined a very sliort time after death On the other hand, id 
several of his cases the blood had been examined for urobilin only a few 
days before death, with negative results The condition was obseived 
after death from all manner of diseases and at all seasons of the year 
Biffi suggests, therefore, that the development of the urobilinemia occurs 
during the last few hours of life as an antemortem change, irrespective 
of the nature of the fatal disease We have as yet had no opportunity 
to verify this view In our cases of pneumonia, while there was legu- 
larly the appearance of a urobilinemia in the fatal cases during the last 
day or two of life, urobilin also appeared, m small amount, m three 
severe cases which ended m recovery It can not, therefore, be purely 
an antemortem change This subject will be referred to again later 

In the light of our own experience it is difficult to understand the 
statement of Huber, that he was always able to demonstrate urobilin m 
the blood m cases of marked urobilmuria In over 60 examinations, 
most of them m cases with a high grade of urobilmuria, we were able 
to demonstrate urobilin m the blood serum only m the cases of severe 
pneumonia mentioned above In these cases, however, the reactions for 
urobilin were so distinct and so easily obtained that it seems very un- 
likely that our failures in other instances were due to faulty technic 

We have found that the zinc acetate test (Schlesmger’s), m the pres- 
ence of bile pigment, is unreliable, as a distinct green fluorescence may 
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be piodueed by biliveidm In blood semm containing bilnubm, there- 
foie, reliance must be placed on tlie spectroscope and Syllaba’s test. In 
view of the fact that Huber’s results weie obtained with Schlesmger’s 
test, and the further fact that most cases of marked urobilmuna are as- 
sociated with bilirubin emi a, it seems probable that some of his positive 
leaetions may have been caused by biliverdm rather than by uiobilm 

IY THE SOURCE OE URINARY UROBILIN 

A number of theories have been advanced to explain the origin of the 
urobilin of the urine, and much difference of opinion and uncertainty 
still exist concerning it The subject is complicated by the fact that, 
as has been said, there is still some conflict of opinion concerning the 
identity of the urinary uiobilm with the stereobilm of the feces, al- 
though the weight of opinion strongly suppoits the view that they aie 
identical 

Biiefly stated, these theones are as follows 28 

The Hepatogenous Theory — This has gamed widespread acceptance 
m Fiance, chiefly tlnough the advocacy of Hayem 29 and Ins school, and 
is well defined m the dictum of Hayem “L’urobilme est le pigment du 
toie malade ” When the functional activity of the liver is disturbed the 
coloring mattei of the blood is manufaetuied, not into bilirubin as usual, 
but into urobilin Uiobilinuna is, tlieiefore, an indication of hepatic 
insufficiency This insufficiency may be absolute, when the liver itself is 
at fault, or relative, when, owing to the excessive amount of blood pig- 
ment carried to the liver, this oigan can no longer convert it all into 
bilirubin 

The Hematogenous Theory — In this the blood itself, rather than the 
liver, is looked on as the direct source of the urobilin Urobilmuna is 
known to occur with all sorts of blood extravasations and in various 
conditions m which there is extensive destruction of red cells, for ex- 
ample m paroxysmal hemoglobinuria, scurvy, blackwater fevei, perni- 
cious anemia, sulphonal poisoning, etc Moreovei, uiobilm has been found 
locally m blood extiavasations, it (urobilinogen) has been produced by a 
process of reduction fiom hematm, and is said to have formed m a solu- 
tion of hemoglobin which had been for a long time protected fiom bac- 
tericidal action (Winter) 

The Histogenous Theory — This has as its basis the fact that m many 
forms of jaundice, especially m conditions of fading jaundice, the mine 

2S The whole question is discussed fully by Wemtiaub in von Noordens Metab- 
olism and Practical Medicine, Am ed , 1907, n, 241 
29 Hayem Sur la valeur diagnostique et prognostique do: I’uiobiline, Qaz d 
h6 P , 1889, lvu, 1314 



548 


BILIRUBIN EMI A, UR0BIL1NURIA AND UROBILINEMIA 


contains very laige quantities of urobilin and no bilirubin It was, 
tlieiefore, assumed that tbe bilirubin deposited m the various tissues 
might, by tlie action of those tissues, be converted gradually into uro- 
bilin which, because of its great diffusibility, would be taken up promptly 
by the blood anu exacted m the urine 

The Renal Theory — This is really only the application of tbe lns- 
togenous theory to a partieulai type of tissue, and has already been 
refeired to 

The Enterogenous Theory — This assumes that the only souice of 
urobilin m the body is the intestines, where it is formed m large quan- 
tity, and that urobilin appeals m the urine when, for any reason, it is 
absorbed fiom the intestines m laiger amount than usual 

Many facts, both clinical and experimental, support the view that a 
close relationship exists between the urobilin of the intestine and that of 
the mine Hi obi Imogen and urobilin (steicobilm) are formed m large 
amount m the intestine by the i educing action of the putief active bac- 
teria on the pigment of the bile Urobilinogen is found chiefly m the 
small intestine, uiobilm chiefly m the colon Normally these substances 
are to some extent absorbed fiom the intestine and carried to the liver, 
wheie they aie, m part at least, excreted m the bile When no bile enteis 
the duodenum, as m occlusion of the common duct, uiobilm disappeais 
fiom the intestine bile and uime In a case of this sort Friedrich 
Mullei 30 found that by adimnistenng bile by mouth uiobilm could be 
made to appear m the mine and that it disappeared soon after the feed- 
ing of bile ceased Newborn infants during the first few days of life, 
that is, before putiefactive bacteria have invaded tlie intestine, show 
uiobilm neithei m the stools, bile nor mine In many disturbances of 
the livei associated with mailced urobihnuria, an unusually large quan- 
tity of bile pigment is furnished to the intestine (pleiochromia) and the 
conditions are favorable there for the production of an increased quan- 
tity of urobilin These facts, on the one hand, and, on the othei, the 
absence of convincing evidence that urobilin is pioduced elsewhere m 
the body, have led to the wide acceptance, especially m Germany, of the 
idea that the uiobilm of the urine is produced m the intestine and is 
s im ply the expression of its increased absorption from the intestine 
Inci eased absorption does not necessarily imply an increased production 
m the intestine Ladage 31 has shown that when urobilin is mtioduced 
into the upper pait of the small intestine most of it is absoibed and ap- 

30 Mullei (F ) Uebei Ikteius, Verliandl d seliles Gesellseli f \ uteri Ivul- 
tm 1S92 

31 Ladage Bijdrage tot de kenms dei Urobilinurie Thesis, Leyden, 1S99 
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pears in the urine Conditions which favoi the rapid conversion of 
bilirubin into urobilin m the small intestine might, therefore, be as- 
sumed to favor the absorption of the latter Efforts to demonstiate a 
paiallelism between urobilmuna and mci eased intestinal putief action, 
howevei, have thus far not been successful (Eischlei 32 ) 

But the intestinal theory of the origin of urobilmuna fails satisfac- 
torily to explain many of the clinical facts There is abundant evidence, 
for example, that a marked urobilmuna may exist when it is certain that 
much less than the normal quantity of bile is entering the intestine For 
these and othei reasons which can not here be discussed, it seems very 
unlikely that conditions m the intestines constitute the sole, 01 even the 
chief, factor m the production of urobilmemia and urobilmuna 

The fact that normally the urobilin which is absorbed fiom the in- 
testine is almost completely abstracted from the portal blood by the livei 
and leturned to the intestine has led to the view that the failuie of the 
livei propei ly to remove the urobilin brought to it by the portal vein 
may explain the appearance of urobilin m the general blood stream and 
m the urme Such a failuie might result from some disturbance of the 
liver itself, when only the usual quantity of urobilin was brought to it, 
or from the fact that the poital blood contained an amount of uiobilm 
so great that even the normal liver was unable to abstract it all 

This combined intestinal and hepatic theory of the origin of urobi- 
lmuria seems at present to be the one which best explains most cases of 
urobilmuna That it will, however, account foi all cases of urobilmemia 
and urobilmuna is by no means certain Of the several other possible 
souices it may be said first, that there is no proof whatever that uro- 
bilin ]s ever formed m the body tissues from the bile pigment deposited 
tlieie The renal theory, also, attractive and plausible as it seems, has 
little evidence to support it and fails to explain many of the clinical 
facts We have shown that the relation between bilirubmemia and uro- 
bihnuna is not sufficiently constant to accord with such a view It has 
been shown also that urobilin does occur m the blood The theory, 
moreover, fails to explain satisfactorily the important class of cases of 
common duct occlusion m which, although bilirubin is present m the 
blood in large amount, no urobilin appears m the urme Finally, the 
theory is contradicted by the experiment of F Muller and by the latei 
ones of Fischler , 32 m which perfusion of the living kidney with solutions 
of bilirubin failed to show any transformation of bile pigment into 
urobilin 

32 Fiscliler Das Uiobilm und seme klimsche Bedeutung, Thesis, Heidelberg, 
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The view that urobilin may sometimes be foimed dnectly from the 
hemoglobin of the blood can not be dismissed so readily It is known 
that urobilin can be pioduced m vitro dnectly from hematm There is 
at present, howevei, no proof that such a transformation occurs m the 
circulating blood Oui efforts to demonstiate such a source for the uro- 
bilmemia of certain cases of pneumonia were altogether unsuccessful 
The possibility, howevei, of the hematogenous origin of urobilin must 
still be acknowledged 

Can the liver itself produce urobilin ? And is there any basis foi 
Hayem’s dictum, that urobilin is the pigment of the diseased liver? A 
categorical answei to these questions can not be given at the present 
time There are a multitude of clinical facts which point to the liver as 
the dominant factor m the production of urobilmuria In no othei 
class of disorders is urobilmuria so frequent and so excessive as m those 
associated with disturbances of the liver functions In almost eveiv 
variety of acute and chronic disease of the livei, urobilmuna is a com- 
mon and conspicuous symptom It seems piobable that, m most such 
cases, this urobilmuria is caused by the failure of the disordered livei 
properly to anest the urobilm carried to it from the intestine, and until 
within the past year 01 two no convincing evidence had been adduced to 
show that the liver, healthy 01 diseased, has the power of actually pro- 
ducing uiobilm Recently, liouevei, Fischler , 32 m a series of mteiestmg 
and carefully performed experiments, has obtained data which seem to 
prove that, undei certain circumstances, the liver can, m fact, manufac- 
ture this substance He found that m dogs, m which he had seveied 
the common bile duct and had made a complete bile fistula and m which, 
therefore, no bilirubin could enter the intestine, the bile, which nor- 
mally contains a consideiable amount of urobilm, promptly became com- 
pletely fiee from it and, at the same time, the stools became colorless 
and lost all but a small fi action of their urobilm The urine also re- 
mained fiee from urobilm He then produced changes m the livei by 
the administration of veil-known livei poisons (amyl alcohol, phos- 
phorus, etc ) and found that the bile immediately showed enoimous 
quantities of urobilm and that urobilm appeared m the urme With the 
subsidence of the poisonous effects, the bile and urme again became free 
frcm urobilm In the face of these expenments it is difficult to escape 
the conviction that the livei can, under certain circumstances, produce 
urobilm 

How important a iole this puiely hepatogenous urobilm may play 
m the production of the clinical forms of urobilmuria and urobilmemia 
must be left for future study to determine Fisehler himself is inclined 
to believe that such an hepatogenous form of urobilmuria is exceptional 
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It is possible, howevei, that these new facts may throw some light 
on the antemortem fonn of nrobilmemia to which Biffi has called atten- 
tion and which seems to correspond m most respects with the marked 
nrobilmemia fonnd dining life m onr cases of fatal pneumonia When 
one considers that even m the extreme giades of urobilmuna it is usual- 
ly impossible to demonstiate uiobilm m the blood, it seems probable that 
the concentration of urobilin m the blood m these cases of pneumonia 
must have been exceptionally great — so great, indeed, that with the fail- 
ing circulation of appioachmg death it is not easy to imagine the absorp- 
tion from the intestine of a sufficient quantity of urobilin to explain it 
In this connection reference should again be made to the striking fact 
that m these 10 cases of pneumonia with marked urobilmemia no bili- 
rubin could be found m the blood, although it was almost constantly 
present m the other cases of pneumonia 

The constant association of these two exceptional conditions can 
haidb be a mere coincidence, and it suggests that both the marked uro- 
bilmemia and the absence of a bilirubmemia may have as a common 
cause the disturbed metabolism of a failing liver 

SUMMIHY 

By a method devised and used extensively by Gilbert and his pupils 
we have made some 160 determinations of the bilirubin content of the 
blood serum m a variety of diseases, and have become convinced that 
this method of cholemmietne is sufficiently simple and reliable for clini- 
cal use, and that by it one may readily recognize and measure slight 
grades of icterus which fail to disclose themselves either by discoloration 
of the skin or by the presence of bile pigment m the urine The method 
has, w r e believe, a distinct field of usefulness as an aid m the differential 
diagnosis between affections of the bile passages and those of other oi- 
gans, such as the stomach, appendix and kidney 

Simultaneously with the examination of the blood serum for bile pig- 
ment the urine was tested quantitatively for urobilin The mutual rela- 
tions between bilirubmemia and urobilmuna are shown m the foregoing 
chart It will be seen that when the blood serum w r as normal as regards 
bilirubin, the unne either was free from urobilin or contained only 
minimal quantities With the increase m the concentration of bile pig- 
ment m the blood there was, m general, an increase m the urinary uio- 
bilm But this rule was by no means invariable A number of impor- 
tant exceptions occurred, notably among the cases of marked jaundice 
(Group 5), in many of which no urobilin could be demonstrated m the 
urine, on the othei hand, m some cases the grade of urobilmuna was 
extieme Oui results, m the light of these exceptions, seem, theiefore 
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to offei additional evidence against the view that the urinary nrobilm is 
formed m the kidneys from the bilirubin carried to them by the blood 
and is, tlieiefore, only an index of the degree of cholemia 

In sixty cases of urobilmuna, some of them of extreme grade, the 
blood serum was examined for nrobilm, with uniformly negative results 
except m the case of a group of ten fatal cases of pneumonia in which, 
during the last two or tlnee days of life, urobilin was present in the 
blood m considerable amount, although its quantity m the urine was by 
no means unusually laige In fifteen pneumonia patients who recovered 
no urobilin could be found m the blood 

Our efforts to show that the marked urobilmemia m the fatal cases 
of pneumonia was the result of transformation of the hemoglobin or bili- 
lubm of the blood into urobilin by the action of the circulating bacteria 
were entirely unsuccessful, as was also the attempt to demonstrate uro- 
bilin m the hepati/ed lung tissue These negative results, m connection 
with certain other facts and with some lecent experiments of Fischler, 
suggest the possibility that m these cases the urobilin of the blood may 
have a dneet hepatic origin 
53 East Forty-ninth Street 



NOTES ON PELLAGRA AND PELLAGRINS 

WITH REPORT OE CASES 
JAMES H RANDOLPH, MD 

CHATTAHOOCHEE, ELA 
DEFINITIONS AND SYNONYMS 

Until tlie recent work of Searcy, m Alabama, and the epoch-making 
studies of Babcock, m South Carolina, pellagra had been piactically 
unrecognized m this country, while it has been known and studied foi 
nearly two centuries in. the countries of southern Europe and the east, 
under the various names of mal de la lose , mal de miseie, mail de sole, 
nsipola estiva, erythema endemicum, Lombardian leprosy, mal de la 
spienza , mal del padi one, Baloidone, elephantiasis itahca, deimatagia, 
maidismus, psychoneui osis maidica 

The word, “pellagra,” compounded originally from the Italian pelle 
tagia (rough skin), was first used by Erappoli, of Milan, as descriptive 
of the most characteristic skin lesion m the course of the disease 

Pellagia may be defined as a systemic intoxication, associated always 
with the ingestion of maize or maize products and 'characterized by a 
triad of symptoms (gastrointestinal, cutaneous and neuropsychic), with 
marked tendency to seasonal recurrences, exhaustion and death 

The term “pellagrin” is derived from the above and applied to those 
affected with the disease, particularly when the mental or nervous symp- 
toms predominate, and has been m use since 1835, when it was estimated 
that, of 500 patients then m the asylum at Milan, fully one-third were 
pellagrins 

Pellagrous insanity is that form of mental distuibance affecting pel- 
lagrins and has been recognized as one phase of the symptoms m the 
course of the disease almost as long as the disease itself, and, although 
a large proportion of pellagrins end their days m asylums m a condition 
of driveling wretchedness and dementia, yet there seems still a doubt m 
the minds of some as to the propriety of a distinct classification for the 
psychosis, and no less an authority than Krafft-Ebmg, m his text-book 
on insanity, devotes only a few lines to a “so-called pellagrous insanity ” 

HISTORICAL DISTRIBUTION 

Pellagra is said to have been noted first m Spam, around Oviedo, m 
1735, and was described by Casal m 1762 as it then existed m Asturias, 

"Read before tbe Section on Medicine of the Southern Medical Association, At- 
lanta, Ga , Nov 12-14, 190S 
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wheie it is still most active m Spam, and whence it has spread tlnough- 
out the north and central Spanish provmces 

About 1750 it appealed m Italy and soon overran the whole of Lom- 
baidy, where it still rages with great intensity among the peasant 
classes, “overworked, nndeipaid and underfed/’ and whose diet is almost 
exclusively maize of poor quality, "poorly cultivated, harvested before 
it is matured and carelessly stored m a damp state” Southern Italy 
and Sicily seem to be exempt, notwithstanding the common use of corn 
meal as an article of diet m these sections 

In 1833 pellagra was noted m Koumama, and m 1856 presented it- 
self finally m Corfu, at which time the local cultivation of maize on that 
island was supplanted by that of grapes, and the inhabitants began to 
import their corn from Koumania, where mfenor grades aie grown as m 
northern Italy 

In 1893 eases were reported fiom Egypt and more recently still from 
Austria, Seivia, Bulgaria, Asia Minor, India, Barbadoes, Mexico, South 
America and finally (1907) United States of America 

Among those whose works and writings have contributed to our 
knowledge of this condition and of its prevalence throughout the world, 
should be mentioned Stiombio of Legnano, who was placed m charge of 
the hospital established there m 1784 by the Italian government foi the 
especial benefit of pellagrins, Giambattista Marzan, who first (1810) 
called attention to the relationship between maize and pellagra, and 
Vincenzo Sette, v ho (1826) first stated that the mam cause of pellagra 
was fungi, producing acid decomposition of the fatty oils m the com From 
this developed the theones of the so-called “zeist” and “toxizeist,” which 
will be referred to later on Another is Bellaidim, who advanced the 
“veidet” theoiy m 1844, and Lombroso, whose work a few years later 
someuliat overthrew the same Von Deckenbach, 1907, made an able 
reseai ch on the etiology of pellagra In this connection the experiments 
of Tizzoni and Panichi, m the same yeai, are also worthy of mention 
Tuczeck m 1906, published a very able paper on the nervous symptoms, 
and along the same lines Gregor, m 1907, published his findings from 
the study of cases m the Buckowma Asylum during 1904-05 Emzi is 
the fast, 1902, to give the subject of psicosi pellagiosa special considera- 
tion 

In the United States, Sherwell, 1902, described the first case of 
pellagra which he found occurring m a Portuguese sailor aboard ship m 
Hew York In the same year, however. Dr H E Harris, of Georgia 
descubed a case of pellagia m a patient with hookworm disease, and m 
1907 G H Seaicy reported an epidemic of pellagra occurring m the 
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insane asylum for negroes at Monnt Vernon, Alabama Merrill, of 
Texas, also reported a sporadic case m that same year, but to Babcock, 
of the State Hospital for Insane at Columbia, South Carolina, belongs 
the credit foi the most complete study of cases yet presented m this 
country, and for stimulating the observations of others m various sec- 
tions Until this time all authorities had denied the existence of pella- 
gia m this country, and most of the text-books of general medicine or 
neivous and mental diseases dismissed the subject with few words This, 
coupled with the fact that the cases generally occui m ciowded asy- 
lums all too scantily officeied with physicians to peimit of the most 
caieful work, no doubt explains, m great part, its tardy recognition 
There undoubtedly have been many cases ovei looked m the past, but the 
greatest danger to be avoided m the future is not so much the failure to 
recognize the conditions, but rathei a too great eagerness to diagnose as 
pellagra many related disorders 

etiology 

Intimately associated with the history of pellagia itself is the study 
of its etiology That there is a close relationship between the eating of 
maize and the incidence of pellagra there can be no doubt, and since 
1810, when Marzan declaied that corn, and especially the poorer quali- 
ties of it, lacked sufficient gluten to make a good food (and was, there- 
fore, the true cause of pellagra), intei est has centered about maize and 
a study of its parasitology for an explanation of the symptoms pioduced 

That this cause could not lie m maize pei se, 01 m good maize, was 
evident from comparison of the wide extent of Indian com consumption 
and production and the relatively small area of the globe m which pella- 
gra was found This was also bi ought out vividly m the study of pella- 
gra on the Island of Coifu Although the disease was widely prevalent 
on the mainland and adjoining countnes, no cases had occui led on the 
island before 1856, notwithstanding that the inhabitants, who were 
skilled agriculturists, made com a large part of their diet The first 
case reported from this island was m 1856, at which time the culture of 
grapes had largely replaced the culture of maize, and most of the lattei 
food product was impoited fiom Roumama on the north, a country 
noted for its indifferent, agnculture and poor quality of corn, and where 
pellagra at that time was flouiishmg 

Vincenzo Sette m 1826, was the first to declare that the mam cause 
of pellagra was a fungus growing on maize and which, according to his 
theory, produced an acid decomposition of the oils oi “zem” of the corn, 
and from this sprang the theones of the “zeist” and the ffioxizeist 
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The “zeist” asseited that the seed of the Zea Mays itself was pathogenic, 
while the “toxizeist” considered it pathogenic only m so far that in- 
jurious substances could develop on it under outside influences 

This latter seems to have been the most generally accepted theory, 
and most of the subsequent investigations have been along this lme, 
notably those of Bellardim and Lombioso To Lombroso belongs the 
credit of having developed the theory which subsequently became known 
as the “verdet” theory on the other hand, the experiments of Luckscli 
at Leipsic, 1906, tend to show that an exclusive diet of com-meal, even 
of good quality, when fed to animals (guinea-pigs, rabbits and dogs), 
over a long period of time, would produce emaciation, intestinal catarrh 
and, in the case of the pigs, loss of hair and flaccid paralysis, symptoms 
suggestive of pellagra 

Sturli reviews the subject m the same year, and concludes that “we 
have to deal with an intoxication, most likely exogenous,” and that the 
toxic agent gams admission to the human organism with vegetable food 
The suspicion that the primarjr cause of the condition is a toxic vanety 
of hyphomycete appears well grounded, but is not yet conclusively 
proved 

Tizzoni and Panichi, last year, reported that m acute and rapidly 
fatal cases of pellagia (typhus pellagrosus) they recovered a specific geim 
m pure culture from the blood and cerebrospinal fluid (and m one case 
from organs) They describe its biologic, cultural and pathogenic prop- 
erties, and claim to have produced by subcutaneous injection into guinea- 
pigs (which seem peculiarly susceptible) the clinical picture of pellagra, 
symptomatically and anatomically considered 

Constantin Von Deckenbach of Jena, m 1907, m further investigat- 
ing the relationship between maize and pellagra, confirmed Ins former 
experiments and those of Tiraborehi (1905), and as a result is con- 
vinced that the fungus, Oospoia veiticilloides (Saceardo) which was 
found parasitic on the living maize plant and which produces a disease 
of the plant, is as important a factor m the production of pellagia as 
Glaviceps purpura is m causation of ergotism 

Various others have attributed to different varieties of penmcillium 
and of aspergillus properties causative of the disease, and a leview of 
the literature would support the statements of German and Italian 
authors that the disease is an intoxication due to chemical substances 
produced m the gram by parasitic micro-organisms together with cer- 
tain toxins liberated from those organisms themselves m the intestinal 
tract of man 
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Among other and probably less important causative factors of pella- 
gra should be mentioned sunlight or actinic rays, which are considered 
by many of no small importance m the production of the skin lesions 
Indeed, m unrecognized cases, it is doubtless true that “solar erythema” 
has been the diagnosis of and explanation for the lesions on the hands 
and face, and m my own experience this was one of the suggestions 
offered to explain the condition That sunlight does exert some effect 
there can be no doubt from observation of the cases here reported, m one 
of which especially exposure of the patient, a negro, to strong sunlight 
was followed by an exacerbation of all symptoms, including the mental 
Closely associated with the effect of the sun rays should be men- 
tioned the seasons and their influence on the recurrences or exacerba- 
tions In the classical descriptions, one is struck by the mention of 
vernal recurrences as characteristic of the condition, with subsidence or 
even complete disappeaiance of symptoms m the fall and wmtei But 
there is diversity of opinion as to the absolute regulanty of this, and 
m the eases here noted theie were exacerbations or recurrences m the 
fall also 

Racial differences appear to have little bearing, the negro and Cau- 
casian both being affected In countries where the disease has long been 
endemic, the Jews are said to have remained remarkably free In this 
country most of the cases reported thus fai have been among negroes, 
while at the Florida State Hospital, with approximately an equal census 
of whites and blacks, only one case has been observed among the lattei 
Agricultural classes, as a rule, are most affected, yet no walk of life 
can be said to be exempt where damaged maize is eaten, and m the series 
here reported there is one patient from the legal profession 

Sex and age seem to exert but little influence m predisposing to this 
affection, men and women being affected about equally and cases having 
been reported for all ages 

Alcoholism and other debilitating conditions are of influence onh 
ln so as they lower vitality and weaken bodily resistance 

PATHOLOGY 

This phase of the subject has been studied more or less thoroughly 
from the viewpoint of both geneial and special pathology The changes 
lrL ^ ie skin are mentioned m most books on deimatology and are de- 
scribed by Stelwagon as congestion, pigmentation and thickening, with 
ultimate atrophy and thinning m the upper layers of the cutis 

In postmortem examination of patients dying from pellagra, one is 
at once struck with the extreme emaciation and absence of adipose tis- 
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sue Fragility and brittleness of bone is also desenbed and may be pai- 
ticularly noticeable m the calvarium Atrophy and fatty degeneration 
m all organs is found, and, m addition, ‘"brown atrophy” of heart mus- 
cle and excessive pigmentation of livei cells have also been described 

In the ceiebrospmal system, the findings aie all suggestive of a toxic 
origin for the disease, and are sufficiently characteristic to assure its 
identity and stiengthen its claim to classification as pumaiily a tropho- 
neuiosis Parhon and Papiman (1907) found maiked changes m the 
large Betz cells of the antenoi horn of the spinal cord, these changes 
being desenbed as varying from “partial to complete dissolution of the 
fibrilke, also atrophy of the nuclei and changes m the Nissl bodies” 
F Tuczec (1906) believes that pellagrous insanity may terminate m 
true dementia paralytica, and summarizes the pathologic findings m 
biam and coid as showing all degiees of legressive changes, with clno- 
molysis and vascular degenerations, and, m addition, a combined scleio- 
sis of the coid, involving the postero-lateial and postenor columns The 
postenor column degeneration m pellagra diffeis fiom that of tabes m 
showing no involvement of the postenoi roots Marmesca has called 
attention to the more intense injury of the giay mattei as compared with 
the white, and Babes and Sion are credited Avith directing attention to 
the maiked degeneiation of cells m Clark’s column Yon Neussei, com- 
paring the findings m ergot poisoning with those m pellagra, notes that 
the cord pictures m all three are very similai, but that ergotism and 
tabes both show involvement of posterior roots, vlnle these roots remain 
free and unmvolved m pellagra Mane sees m the changes a poliomye- 
litis-posterior, with degeneration of the “endogenous fibers” of the pos- 
terior and lateral columns Dejenne has desenbed a neuritis and 
atrophy of the nerves to the skin, while Raymond found such nerves m 
similar conditions intact 

SYMPTOMATOLOGY 

The symptoms of pellagra mav be described under three divisions 
(a) cutaneous, (b) gastiomtestmal, and (c) neivous or mental 

The first of these are more or less charactenstic, not so much m ap- 
pearance as m distribution, incidence and recurrence, and consist pri- 
manl} r of a peculiar erythema which gave its name originally to the 
disease The discoloration, which is at first bright led, but quickly be- 
comes bronzed or a dull brown, is noticed, as a rule, as a patch on the 
back of the hands or m some cases the knuckles of the hands and fingers 
are alone affected Simmetrical m distribution of a i eddish or copper j 
hue, the discoloration extends tovard the wrist and doun on the fingers, 
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but never reaches fai beyond the wnst on the back of the arm, and 
never involves the plantar surfaces, the skm, which is often tense and 
s hin y, gives the appearance of a burn or “scalding” fiom the sun or 
steam Indeed, this is often the fiist explanation suggested foi the 
phenomenon, and one might be misled were it not foi the coincidence of 
the nervous and intestinal symptoms, which close examination and in- 
quiry at this time will always leveal The skm of the face, 311st be- 
neath the eyes and on the malai prominences, as a rule, will also show 
snmlar patches about the same time, and these spread to coalesce on the 
bridge of the nose The dorsum of the feet, point of the elbows and 
more rarely still the back of the neck on either side, always svmmetnc- 
ally ai ranged, aie also sites for the appeaiance of the eiuption m moie 
severe 01 unusual cases At this stage, if the attack is a mild one 01 the 
conditions favorable, the skm lesions may lesolve and disappear, leaving 
only a roughened pigmented skm with branny desquamation, and this is 
the condition from which the disease has derived its name of pellagia, 
or “rough skm” Moie often, however, the condition advances, small 
blebs appear, swelling into laiger bullae filled with a serous or seiopui cl- 
ient fluid, which finally burst, exposing the led weeping layeis of the 
deimic tissue below Again, Natuie may assert heiself and healing take 
place, this time with a thm, smooth, slimy atiophic skm foi lepair, 
but the patient is now, as a rule, m the last stage of the disease, and fie- 
quently the broken skm resists all treatment and death ultimately en- 
sues Another striking featuie of this picture is the almost total ab- 
sence of sub3ective symptoms, the patients rarely complaining except m 
the earliest stages, when some smarting and “feeling of fulness” mav 
give them some concern The skm symptoms aie, as a mle, the last to 
occui, but when once exhibited aie almost certain to recui at more 01 less 
frequent intervals and with vaiymg intensity as long as the disease pei- 
sists 

Coincident with the cutaneous, or generally piecedmg them by an 
indefinite period, are the gastrointestinal symptoms These consist at 
fust of a troublesome diarrhea with some gastric pain, and are apt to 
mislead, particularly if examination at this time reveals the presence of 
such paiasites as frequently coexist As the disease advances the diar- 
rhea becomes more persistent and profuse, loss of weight follows, stoma- 
titis frequently develops and the patient takes to his bed The dianhea 
is, as a rule, serous m quality and rarely shows any blood, but m later 
stages may assume the charactei of a mucous colitis and show faintly 
blood-streaked threads The stomatitis, if it occurs, as a rule, is most- 
intense 'Within the lips, the cheeks and about the gums, and particular- 
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ly on eithei side of the frenum of the tongue, aie the patches, which 
resemble very much the lesions of the skin and slough off, leaving red, 
ulcerating or bleeding bases Salivation at this time is profuse, and the 
tenderness or soieness of the mouth and throat interfering with deg- 
lutition the patient complains most bitterly and sits or lies on his 
couch, miserably drooling The fetid odor of the breath and the foul- 
ness of the sloughs both contribute to the disagreeable feature of the 
disease at this stage 

The nervous and mental symptoms, which have a prominent place in 
the picture throughout the course of the disease, are really among the 
earliest, if not the very earliest, to appear and predominate m the so- 
called prodromal stage of the affection These, however, are so slight 
consisting of headache, malaise, with perhaps vertigo, muscular weak- 
ness and tremors, that they may be overlooked and not noted unless the 
patient is m a hospital or asylum and already under the physician’s care 
and observation In one of the cases here reported (a typical uncompli- 
cated case of pellagra) mental symptoms early predominated of an anx- 
ious, melancholic type, followed by restlessness, confusion and (finally) 
hallucinations of sight and hearing, with active delirium The nervous 
symptoms exhibited at the same time consisted of intense tiemors, exag- 
gerated reflexes, spastic gait and a tense, drawn condition of the mus- 
cles of the lower leg and calf, much resembling tetany, and which caused 
the patient to complain of the eramp-like pam Among other mental 
and nervous symptoms mentioned are irritability, insomnia, refusal of 
food, suicidal tendency^ defects of memory and impaired intellect, also 
paresthesias and anesthesias of the skin of hands and feet, with sensation 
of cold in the extremities 

While the mental and nervous symptoms of pellagra have always 
been recognized, Emzi, 1902, claims to have been the first to give the 
subject of psicosi pellagiosa special consideration He considered the 
psychosis a type of amentia, the characteristic symptom of which was 
a confusion of ideas This view was coincided m by Tanzi, but vigor- 
ously opposed by Yedram, who emphasized the fact that psicosi pella- 
giosa runs its course frequently without marked disturbance of orienta- 
tion 01 consciousness Earlier observers (Lombroso, Wamoclc, Aubeit) 
were satisfied to classify the psychic symptoms of pellagra simply as 
melancholia That we have m pellagra a distinct psychosis dependent 
for its symptoms on the toxic action of the maize fungi on the nerve 
cells, I think there can be little doubt That these symptoms are poly- 
morphous as are those ako of the other toxic psychoses (alcohol, etc ) 
likewise there can be little question Symptoms of melancholia mai 




Pig i — Patient at asylum, Mombello, neai Milan, Italy Photogiapli lllus 
trates eczematous condition of tlie back of hands 



p lg 2— Patient at State Hospital, Columbia, S C Photograph illustrates 
eczematous state of the hands, also slight malar discoloration ( ^ ese s ' 
photographs were kindly loaned to the authoi by Di Babcock, of the state 
Hospital, Columbia, S C ) 
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There lias also been described a pseudo or false pellagia, against con- 
fusion with which one is constantly cautioned But it is very doubtful 
that such a classification should be allowed, and it is veiy possible that 
all such cases aie but mistakenly diagnosed 1 elated conditions 

Dementia praecox, manic-depressive insanity, and the various so- 
called terminal dementias mai r be consideied and lead to confusion of 
diagnosis from the psychiatric standpoint 

In any and all of the foiegomg, furthei obseivation and the onset 
of fuller symptoms will generally serve to differentiate the tiue cases of 
pellagra, and with the triad of symptoms, including typical cutaneous 
lesions described above, the diagnosis will be made 

PROGNOSIS 

The death rate among pellagiins is notably laige, especially m the 
acute 01 fulminating form of the disease, as was described foi the epi- 
demic m Alabama Even when death does not occui m the first attack, 
recurrences are frequent, and, if the conditions are not impioved, ex- 
haustion mci eases and death finally follows with the second or third 
exacerbation In most of the cases repoited m tins country, the patients 
have succumbed within a few weeks or months In Europe, it is said, 
pellagra may endure for many years In those patients m which the 
patient escapes death the mental detenoration is permanent and moie 
or less marked 

Alcoholics are the most unfavoiable subjects, and any mtercuirent 
disease 01 condition which loweis body lesistance and vitality will, of 
necessity, affect the prognosis badly 

Children are said to be affected more mildly than adults and to ac- 
qune moie readily a resistance to the disease 

TREATMENT 

The question of treatment resolves itself into two divisions, prophy- 
lactic and curative Of the lattei, little can be said, as no specific medic- 
inal agent has yet been discovered for this disease, and lemoval from un- 
hygienic surroundings, and improvement of diet, are the best means we 
have of combating the condition 

Milk externally and internally, was used by the earlier practition- 
ers, following the observations of Bouchard, that the eowlierders m pel- 
lagrous districts escaped the disease 

Aisemc and iron prepaiations have also been much used, and potas- 
sium bichromate, alone or combined with sublimate (Hoeh) has been 
said to give good results 
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Iodm undoubtedly exeits a beneficial influence on tlie cutaneous 
symptoms, if applied m early stages of eiytliema , likewise bydiotheiapy 
is of mueb seivice m tlie tieatment of mental and neivous condition. 
Silvei nitiate lias been found a valuable adjunct m Ihe tieatment of tlie 
stomatitis, but for tlie dianliea little of value lias been found, although 
opium m some foim is geneially used m efforts to conti ol the same 

More recently, Boscolo-Biagadm and D'Ormea have recommended 
protargol m doses of one-thnd giam daily for the intestinal condition — 
a suggestion based, no doubt, on the work of Boux, who found that sil- 
vei, even m minute quantities, was fatal to the aspeigillus, which is said 
to beai a dnect relation to the disease 

The seiuni treatment also has been tiled, but fuither work along this 
line is needed and no doubt will be awaited with great interest 

CONCLUSIONS. 

An analysis of the descubed cases below and leview of the liteiature 
seem to justify the following conclusions 

1 Pellagia undoubtedly exists m the United States 

2 Whites aie moie susceptible than blacks (This conclusion seems 
justified by the fact that m the institution fiom which these lepoits aie 
taken all — both white and black — aie under a common regime and par- 
take of a common diet with similai hygienic conditions for both, so that 
each race may be considered subject to the same etiologic factois, 'and 
the incidence of the disease has been 3 or A m the white to 1 m the negro 

3 The sexes seem equally affected While the cases here reported are 
all fiom among the men, yet there have been an equal numbei of cases 
obseived among the women, on which we may hope for a lepoit m the 
future, when mfeiences maj be diavn as to the lesistant powei m the 
lespective sexes 

A Pievious alcoholic history affected the pi ognosis badlj 

o Mental and nervous symptoms pievail throughout the disease 

6 The disease is difficult to diagnose m the prodromal stage 

7 The mental symptoms are of polymorphous cliaiacter, but the pic- 
tuie as a whole is undoubtedly one of a distinct disease, and a definite 
psychosis may with piopnety be lecogmzed m the symptoms of pellag- 
ious insanity 

REPORT OP CASES 

Case 1 — Patient — J E P wlnte, male aged 40, mamed, the fathei of four 
children all living and well was admitted on May 10, 1906, with the diagnosis of 
dementia prrecox He was a gasoline motoi engraeei painter and carpenter, a 
natne of Staten Island who had resided m Florida foi twenty one years 
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Eistoiy — The patient’s family history was negative Several brothers and sis 
ters were dead, but causes were unknown He had always been fairly well except 
for “stomach trouble” for the past ten years This was explained as a chrome in- 
digestion with attacks of diarrhea, and some nervousness He had been given to 
alcoholic excess but abstained under pledge in later years He was an excessive 
coffee drinker, also a heavy smokei He was said to have had sunstioke (doubtful) 
He had been bitten on the finger twelve years before by a man, which seemed to 
“affect his mind” and make him nervous He had had lues, six or seven months’ 
treatment He had been adjudged insane four times, and was committed in this 
instance because of irritability at home, inability to perform Ins usual duties be 
cause of mental condition and lassitude, and fear of an outbreak His commit- 
ment papers state that he would laugh and cry at times, like a child, and seem 
very weak, be affectionate at times, and then again abusive and boisterous His 
symptoms at the time of admission were rather negative 

Examination — The patient was a slender man, height 5 feet 9 inches, weight 
125 pounds, with a very dark complexion The pupils were large and equal The 
tongue was coated but protruded well m midline with no tremor There wa» a 
suggestion of water-hammer pulse, accentuated pulmonic second, with first sound 
at apex softened and prolonged The reflexes were all active, there was no 
Babmski Sensation seemed good, no motor disturbances were noted 

Couise of Disease — The mental symptoms varied, periods of quiet alternated 
with periods of restlessness, there were slight distuibances of consciousness, with 
depression The patient was melancholy or dejected m expression The first 
cutaneous symptoms weie noted in December, 1906, with improvement and disap 
pearance about the middle of January, 1907 There was recurrence of skin 
trouble in exaggerated foim m July and August, 1907 The patient’s condition 
failed to lespond to treatment, the lesions on the hand improved, only to recur 
again Diarrhea became persistent, marked stomatitis ensued, and the patient 
took to his bed Emaciation progressively increased until his death, Sept 2 
1907, about six weeks about onset of the second attack 

Case 2 — Patient — G M , white, male, a Swede, aged 45, married, and fathei 
of one child three months old, apparently healthy, was admitted April 18, 190S 
He had been a farmer, carpenter and bricklayer, had resided m Florida six 
months and m the United States fourteen years 

History — The patient’s family history was negative, his parents were prob 
ably still living and well The patient had always been subject to headache, was 
in a hospital m Michigan m 1894, complaining of chronic bowel and stomach 
trouble, also some kidney trouble He denied alcohol and venereal tiouble, but 
admitted exposure He used no tobacco He had been knocked down by a blow 
on the back of the head some time before he left Sweden He had always been 
thin and a hard worker He had had a previous similar attack m Novembei, 
1906, when he was taken “seriously sick,” “legs gave away,” he had vertigo, 
“twitclnngs of muscles,” “cholera-morbus” (attributed to diet of hog liver day 
preceding) , he lost only one day from work, but was sick for a week or two 
He man led on Dec 25, 1907, at which time recoveiy is said to have been com 
plete He had no more illness until the present attack, except violent headaches, 
which, his wife stated, the patient complained of only on Sundays when he was 
idle but she stated that she nevei “got to know him well,” he always seemed 
a little peculiai ,” melancholy, depressed, self-aceusatoiy 

Present Illness — Tins dated from July, 1907, almost a year before admission 
here, and began with dianliea, no feier, no chill, no marked pain, no blood <\ 
cept* following aigoious medication which he reeened at the hands of yarioiis 
plusicmis consul fed He obtained relief but suffeied from gradually mcieasmg 
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weakness and ner\ ousness with uritability and mental depression He stopped 
work m December, 1907, since winch time lie had been undei tieatment and 
unable to do anything The skin trouble was first noticed on the backs of his 
hands about the same time as the diarrhea began, m July, 1907, and was at- 
tubuted to the action of the sun and the chemical preservative of lumber with 
which he "was working at that time He was sent to us because of his inability 
to work, irritability at home, depression, and giave physical condition 

Examination — At the time of admission the patient seemed almost in ex- 
tiemis He was prostrate, pale and emaciated, his tongue was coated and ulcer- 
ated aiound the edges, it piotruded well, with no tremor The pulse was nega- 
tive, vessel wall sclerotic and tender on pressuie The thoiacic oigans were 
negative, the abdomen sunken and tender on pressuie The glands were negative, 
the hands and fingers were affected with a chronic dermatitis There was dark 1 ed 
discoloration on the skin of dorsum, with vesicles and pustules sui mounting The 
inflammation extended no furthei than the wrists Reflexes were all present but 
with diminished activity Tlieie was no Babmski, but marked swaying m Rom 
berg, tenderness over all long bones, and the patient complained of geneial aching 
of the body His expression was pained and his mental state was one of anxiety 
He asked to have “bad taste” removed fiom mouth, seemed oriented as to time 
and place but failed to recognize the relations of those about him He did not re- 
member when he came here, thought he might have been here a week 

Course of Disease — The patient’s disease ran an afebule course, with persistent 
diarrhea, increasing emaciation and weakness, until his death, May 12, twenty- 
four days after Ins admission The cutaneous symptoms were relieved and just a 
few days before the end the skin over hands had completely healed, presenting the 
leddened, thin, smooth, atrophic skin of some scar tissue The chief mental 
symptoms observed m his case were the marked loss of memory and the anxious 
melancholy 

Case 3 — Patient — S R , white, male, aged 51, married, was admitted April 
16, 1908, with the diagnosis of pellagra He was the father of nine children, all 
living and well but one, which died in infancy He was a Canadian, had re- 
sided m Florida five years, and m the United States most of his life He had 
been a farmer and a stationary engineer 

History — The patient’s family history was negative and his own previous his- 
tory negative except for some cardiac and stomach symptoms, indigestion and 
diarrhea The patient denied alcohol and venereal infection In 1892 he fell 
from a height on his head and was unconscious seventeen days, following which 
he remained for some time in an asylum m North Dakota He stated that he 
never recovered fully, and suggested that that was at the bottom of his trouble 
now 

Present Illness — The patient’s wife believed that his mind was slightly af- 
fected by an attack of grip m 1888, and that he had never been normal since the 
accident m 1892 He had suffered ten years with chronic diarrhea He was m 
the habit of eating plenty of corn-bread, but his wife stated that he had brought 
on the recent attack by eating as his sole diet raw oatmeal and soda biscuit and 
drinking hot water His most marked mental symptom was impaired memory 
The patient would start home but forget the way and have to sit by the roadside 
until it came to him again Iiritability, chronic grumbling and nervousness were 
also noted 

Examination — At the time of admission the patient was greatly emaciated, 
anemic, weak, uith very poor condition of teeth and gums, stomatitis and diar- 
rhea, and “purpunc blistered condition on backs of hands The mental symp- 
toms noted at that time weie chiefly those of a psychomotor letardation, with 
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difficulty of coneentiation and veiy pool memory, especially foi facts in the 
remote past 

Course of Disease — The patient remained m bed foi two weeks, during which 
time there was gradual amelioiation of all the symptoms except the diarrhea, 
which was not entirely relieved until some time afterwaid He was soon able to 
he out and about the verandas, but did not improve rapidly and seemed con- 
stantly depressed and anxious over Ins condition, complaining often of malaise 
and general weakness On June 1 he was again in bed complaining of feeling 
“elnlly,” and on June 5 the erythema leappeaied on his hands, and for the next 
week oi ten days tlieie weie noticed an meiease of Ins mental symptoms, with 
considerable confusion for a day or two, the patient fiequently, and for no reason, 
lemoAing clothes and placing them m water-closet, etc About June 20 he was 
again up The pienous symptoms had disappeaied and been leplaeed bv 
eupliona, talkatneness and grandiose ideas The patient thought that he had 
some great invention and was fabulously rich This lasted only a day oi two, 
and from that time on he began to impiove physically and mentally Today lie 
weighs ovei 130 pounds (meiease fiom 09 pounds on admission), and is a quiet, 
complacent, cheerful man, a little slow m speech and gait, but ever ready m 
com ersation, and shoving but slight deterioration of intellect He is still under 
obseivation 

Case 4 — Patient — S W, a negio, male, aged 28, mamed, with no children, 
was admitted May 5, 1908, tilth the diagnosis of toxic psychosis (pellagra) He 
had been a faun laboiei, woiking on a tiuclcfarm, scatteung feitilizei by hand 

Hist oi y — The patient s family history tvas negatit e He v as horn in Florida, 
an illegitimate child, and laised as an orphan He denied indulgence m alcohol 
and teneiy 

Present Illness The patient described very well an attack of confusion with 
active delusions and hallucinations, which he experienced at Ins home just prioi 
to commitment, and which followed an indefinite attack of typhoid fevei foi 
eight weeks, concerning which little could be learned save a predominance of in 
testmal symptoms and increasing weakness and emaciation, coexistent with an 
inflammatory condition of the skin over hand, face and feet, which was at 
tributed to the action of the commercial fertilizer which he had been handling 
in his work 

Examination — At the time of admission the patient was emaciated, ratliei 
fearful but well oriented and otheiwise appaiently noimal except foi the condi 
tion of the skin over the backs of the fingeis, hands and forearm, extending 
almost to and including the backs of the elbows, which were black (the patient 
was a brown skinned negro), hard, thickened, rough, scaly or ciustlike m char- 
acter No subjective symptoms were complained of The patient was placed on 
general tonics with ichthyol ointment applied to the hands and also to the face 
and feet, wlieie similar lesions weie symmeti ically arranged 

Course of Disease — The patient’s condition nnpioved steadily The few re- 
maining mental symptoms completely disappeared as also did the skin tiouble 
At varying mteivals, liowevei, since his admission, every month or six weeks, 
this patient has shown recuuenee of mental symptoms cliaiacterized by anxiety, 
depression, and lestlessness, succeeded in turn by slioiter periods of euphoria 
These are accompanied always by nervous symptoms, consisting of tremors and 
exaggerated reflexes His last attack, which began just % month ago, with a 
slight fever, has pioied more severe than usual, and v'as accompanied by slight 
diaiiliea, which has npidly mei eased to a seceie and exhausting one, and is just 
now beginning to abate About two weeks ago signs appeared on his hands in 
the form of topical ervthema, symmetrically ai ranged on the backs of the hands 
and feet, quiekh nnohing also the skm of the elbows and beneath the ejes 
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The appeal mice of these lesions on the negios skin has seemed to offei slight 
differences from that on the white skins, m that the mciease in pigmentation 
and the abnormal thickening are 'both greater Otherwise, the character of the 
lesion is the same, piogressmg on to bleb foimation with exfoliation and re- 
pressive changes or subsequent healing and persistence of an atropic reddened 
skm, m which state this , patient’s hands are to day The 'salivation and- stom- 
atitis which ha\e been most severe, and only just now begun to heal, followed 
some time after the appearance of the skm lesions and it is also worthy of 
note that the latter supervened only aftei exposure of the patient to direct rays 
of the sun while he was receiving a sun hath daily at one time He complained 
so of the burning and smaitmg of the skm where it was affected, that he was 
lemoved into a room with no sunshine and the cooling effect seemed so mi 
mediate as to suggest the i elation of cause and effect Extract of opium to con- 
trol the diarrhea, warm baths foi the nervous symptoms, and silvei mtiate 
(solution and stick) for the mouth, have been used, and the dianhea has un- 
pioved, the skm lesions healing and the stomatitis disappeared almost com- 
pletely There remain but the nervous symptoms (tiemors), tetanic condition of 
the feet, legs and exaggeiated leflexes, to be oveieome, then we may look foi- 
v ard to another interval of lest until possibly next spring The mental symp- 
toms which were very maiked in this attack consisted at first of melancholy, 
confusion followed rapidly by delinum with active delusions and hallucinations 
There has been a slight daily use of tempeiature throughout this attack This 
condition is still piesent, and the uime shows abundant casts and much albumin 
The patient is still undei obseiiation 

Case 5 — Patient — J B C, white, male a native of Flonda, aged 57, mar- 
ried, admitted August 2 1908 w ltli a diagnosis of alcoholic dementia He was the 
father of six elnldien, one dead m infancy, one dead of typhoid 

Histoiy — The patients family histoiy was negative The patient had always 
been a steady and heavy dimkei, though larely intoxicated to such an extent 
as to mterfeie with practice of lus profession 

Present Illness — This had been coming on for eighteen months piecedmg ad- 
mission, following soon aftei the death of the patient’s favorite son He gave 
up, became apathetic, remained m bed much of the time, and latteily all of the 
time, could not be conti oiled, and refused food He had delusions of impending 
nun foi his family, and latei developed somatic delusions regarding himself, 
said that his bowels had been removed by operation and that lie was dead 

Examination — On admission the patient’s condition was one of great weak- 
ness emaciation, constipation and melancholic depiession, with pyscliomotor re- 
taidation and nntability he was inclined to mutism, and had delusions of 
pei seeution His tongue w r as coated and protruded hesitatingly Tlieie was a 
slight tremoi of the fingeis The pulse w r as weak and small m volume, the ves 
sols sclerotic Heart sounds were weak, faint with slight thrills and murmui, 
systolic m time and heard all over the upper chest and m the axilla The livi i 
w as enlarged and the edge plainly felt , hard The abdomen was sunken The glands 
were small, shotlike m the groin, axilla and neck Venules were prominent ovei 
face and nose (from chrome alcoholism) Beflexes were all sluggish except knee 
jeiks and vasomotor which was piompt and pink Sensation to touch was good 
There was a slight speech defect Dynamic power was reduced There was no 
ataxia or incoordination, but a slight tremor 

Ooinse of Disease — Patient’s disease ran an irregular course His mental 
condition cleared up considerably so that he responded promptly to questions, 
though m a dull, listless way, lie showed good insight, complained of mental im- 
pairment and particularly memory defects which he said had been coming on 
for two years and which lie attributed to alcoholic excess formerly indulged m 
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Slight alterations m temperature were noted while the patient was m bed, but 
this seemed to become regular and the patient was allowed to be up and about, 
e\en going at times to the lecreation yaid There was constantly, however, a 
gieat lassitude, neivous twitching of the muscles aiound the mouth, untidiness, 
and melancholia A slight diarrhea (which was attributable to laxative treat- 
ment) set in and the patient became veiy careless in Ins habits, frequently 
soiling Ins pei son There was also noticed a favonte posture of tlie patient, 
uith Ins hands held inside trouser and constant choreic or spasmodic movement 
of the fingers as if scratching the skin of the lower abdomen and thighs He 
uould give no explanation for this but persisted m it, and to it was attributed 
tlie fiist skin symptoms which appeared about September 6 He was put to bed 
and found to have fever of a low remittent type, associated with a continuance 
of the loose stools and some stomatitis Tlie mouth symptoms cleared up and 
the fever disappeared m about a week, but the lesions on the hands and face 
(his feet nevei became affected) became more chronic, and hands were not en 
tuely clear fiom bullse and exfoliation until the 23d, about two weeks after the 
onset, when the skin piesented the typical tlnn, atrophic scarred condition The 
intestinal symptoms, while improving also, never entirely subsided, and, although 
he was up and about tlie ward for the greater part of October, his stools we^e 
ncn er less than two oi three in the twenty-four hours, and while the mental 
symptoms also cleared up lemarkably, with disappearance of mueli of the de 
piession and letaidation, he continued more oi less untidy, frequently soiling 
himself at night, and excusing the untidiness on account of lassitude His diet 
uas extended, and about a u’eek ago, following ingestion of ice cream, the diai- 
lhea symptoms set m again, Math gieat intensity and persistence, and the patient 
declined steadily with failing strength until death on the evemng of Nov 7, 
1908 

In the prepaiation of this article I wish to acknowledge indebtedness to 
i arious text books consulted on mental and nervous diseases, general medicin" 
and deimatology, also to courtesies of the Surgeon General’s office and to Di 
G A Pfender m making abstracts The following authorities 

Lavmder (C H ) Precis on Pellagra, Government Punting Office, 1908 

Babcock (J W ) Jour S C Med Assn, 190S, iv, 64 

Creighton (Chailes) Encyclopedia Brittamca, 1890 

Searcy (G H ) Joui Am Med Assn, 1907, xlix, 37 

Merull (T C ) Joui Am Med Assn, 1907, xlix, 940 

Von Deckenback Centralbl f Bakteriol , 1907, xiv, 507 512 

Tizzom and Panich Centralbl f Bakteriol , 1907, xhv, 210 212 

Gregor Jahrb f Psyclnat , 1907, xxvm, 215 309 

Tuczeck Veihandl d Gesellsch deutseh Naturf u Aeizt , 1900, lxxvn, 
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Parlion and Pappiman Comp rend Soc de biol (Abstr m Centialbl f 
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BALTIMORE 

Fiom the eailiest times fevei with all its lemaikable symptoms has 
been familial not only to physicians, but even to the general public, and 
the tenn is one so honored by age and by the good that must conse- 
quently mheie m it, that it can not be discarded 01 dismembeied It is, 
nevertheless, veiy difficult to define this conception cleaily because even 
yet we are unable to say with ceitamty at lvhat point the dnect effects 
of the cause of the disease end and wdiat really belong to the fevei For, 
although the elevation of the body tempera tuie is one of the most salient 
points, it is by no means the only chaiactenstic nor is it itself ahvays to 
be legarded as an infallible sign of fevei, for such elevation of tempera- 
tme may occur m a peifectly healthy person, if, for example, he be 
uumeised m a hot bath Theie aie other readily recognizable signs of 
fever, such as thnst, and weakness, and alterations m the character of 
the mine, but it is difficult, indeed, to be sure of wdiat pait of each of 
these is produced by the bacterial poisons that cause the disease, wdiat 
pait by the fevei itself Kraus , 1 m his recent leview, has, on this ac- 
count, written of fever and infection together 

It is cleai, fiom the fact that the ideas that pievail as to its general 
chaiactei aie so uniform tlnoughout the woild, that, no matter wdiat the 
natuie of the disease that brings fever with it, the fevei itself is the 
same Sometimes it is ushered m with a chill, sometimes it begins 
giadually, it may be constant or intermittent, it may end abruptly or 
slowly disappear — but always it is leeogmzable as fever Therefoie, it 
seems pioper that w r e should speak of it as the febrile reaction — as some- 
thing chaiacteristie of the body and not of the disease, and it is fiom 
this point of view that I shall considei it The significance of this reac- 
tion I shall discuss later after reviewing the facts concerning the phe- 
nomena which are peculiar to it and the upheaval m the wdiole economy 
of the body which accompanies it We shall be particular^ interested in 
comparing it with othei reactions, for it is evident to the most casual 
obseiver that nearly everything that affects the body at all is responded 

*A lectuie delivered befoie tlie Harvey Society at tlie Hew York Academy of 
Medicine, Kov 7, 1908 

1 Iviaus von Noorden’s Metabolism and Practical Medicine, 1907, h 
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to by some sort of reaction, and that most of these are processes which 
have been evolved m order to maintain the life and health of the indi- 
vidual For example, the swallowing of food is followed by the most 
complicated reactions — muscular movements comminute it, ferments are 
secieted to digest it, changes m the whole metabolism follow its absorp- 
tion, and so on Exposure to heat or cold, hunger or thirst brings into 
play protective reactions which regulate the body temperature or cut off 
the lavish expenditure of foodstuff and water still stored m the body 
so as to protect and prolong life as far as possible Indeed, it would be 
difficult to produce such a state of repose that none of these responses 
would be m progress 

TEMPERATURE REGULATION 

Perhaps the most striking characteristic of fever is the elevation of 
the body temperature above the normal The fact that m certain classes 
of animals the temperature of the body is maintained nearly at a fixed 
level is m itself a matter to arouse our wonder and interest, and the 
reason for this regulation of the temperature above that of the sur- 
loundmg atmosphere (for even m the tropics the average temperature 
is far below that of the body), and for the constancy of its level would 
afford much material for discussion With the exception of mammals 
and birds, all animals seem to be devoid of any such mechanism and are 
m consequence poikilothermic 2 The temperature of their bodies, like 
that of inanimate substances, quickly adapts itself to that of the sur- 
roundings, and heat produced m the course of their metabolic processes 
is at once dissipated, the moie rapidly the smaller the animal on ac- 
count of its relatively greater radiating surface In mammals and birds, 
however, there are special arrangements for preventing such loss of 
heat, or under other circumstances of facilitating it Thus the develop- 
ment of the sweat glands m some animals affords them an especially 
effective method of cooling off the body, while the too great dissipation 
of heat is prevented in others by the thick layer of subcutaneous fat or 
the covering of hair or feathers Man alone finds it necessaiy to lesort 
to artificial modifications of the tempeiature of the air and to artificial 
protection m the form of clothing It may well be a matter of specula- 
tion as to whether, after all, it was not this need of artificial heat regu- 
lation which brought about our suddenly acquired knowledge of good 
and evil rather than the reverse, as is so generally conceded 

Different animals have, of course, different standards of temperature 
and even for one species there are slight individual variations, nor is 

2 Cf Soetbeer Arch f exper Path und Pharmakol , 1898, xl, 53 
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the temperature of various paits of the body the same, largely because 
ceitam portions are more protected from loss of heat than others, but 
partly also because, as it seems, heat is more abundantly produced m 
certain organs than in others This point may be discussed more ad- 
vantageously later, but here it may be said that this inequality in local 
heat production is contmuously compensated by the rapid heating of 
the blood which comes into such close contact with these tissues and then 
hurries away to warm others 

Although the variations are relatively slight, even warm-blooded 
animals are subject to changes of a periodic character m their tempera- 
tuie This is particularly noticeable m birds, m which there is a con- 
siderable fall of temperatuie during the night I have observed that m 
normal crows the curve of the temperature, when taken every three 
hours, shows a regular daily variation of 3 P or more, the minimum 
temperature of 104 5 P being recorded at midnight or at 3 a m , while 
the maximum of 108 P is leached at 3 o’clock m the afternoon 3 To a 
certain extent, then, the crow must be regarded as poikilothermic But 
even m human beings a srmilai periodic fluctuation of not more than 1 5 
C is observed and has been recorded m the form of cuives by Jurgen- 
sen, 4 Benedict and Snell 5 and others In these curves, as m the case of 
birds, the lowest temperature occurs m the early morning hours, while 
the maximum is reached m the afternoon In addition to the effects 
of bodily activity of all sorts durmg the day, it seems possible that there 
may be causes of a more fundamental character, perhaps even a rhyth- 
micity m the regulation of the temperature, which maintains this uni- 
form curve 

That the temperature of the body is not kept at a perfectly constant 
level is shown further m the tempoiaiy alterations which can result 
from outwaid influences and the exercise of bodily functions m the 
normal individual Slight elevation of the temperature may follow the 
taking and digestion of food, and muscular work, if violent enough, 
may result m a distinct rise m temperature Oidmanly, however, m 
fieely moving normal animals, such changes are insignificant and com- 
pensated at once by the regulating mechanism, and if we observe a 
marked elevation of temperature m the course of violent muscular ac- 
tivity, it is probably because the normal compensatory dissipation of 
heat can not take place rapidly enough to keep the body cool Interest- 

3 MacCallum (W G) Jour Exper Med, 189S, m, 119 

4 Juigensen Die Korperwarme des gesunden Menschen, Leipsic, 1873 

5 Benedict and Snell Arch f d ges Physiol, 1902, xc, 33, Am Jour, 
Physiol , 1904, xi, 45 
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mg examples of tins aie found in tetanus and the status epilepticus, m 
which veiy high tempeiatuies aie sometimes obseived I had the op- 
portunity lecently of following the tempeiatuie m a dog m which after 
parathyioidectomy the most violent tetany developed with intense spas- 
modic muscular contractions affecting the whole body The tempera- 
ture, which had been 39 C , leached 43 2 C during this attack, m spite 
of the fact that the respiration had become extiemely lapid (300 to the 
minute) The administration of calcium acetate stopped the convul- 
sions m a few minutes, and within half an houi the tempeiature diopped 
to 38 9 C 

Exposure to excessive heat oi cold does not, as a rule, alter the tem- 
peiature of the normal animal unless the exposure is so protracted and 
the difference m temperature so great that the mechanism of heat legis- 
lation finally becomes inadequate At a ceitam limit the control is 
oveipoweied and the animat's tempeiatuie uses oi sinks, as the case 
may be 

These exceptions to the normal maintenance of a piactically constant 
body temperature, unimpoitant and transient as they aie for the gieatei 
part, I have mentioned m ordei to emphasize the wonderful efficacy of 
the mechanism of heat regulation A few woids will lecall to mind the 
general character of this mechanism which has at its disposal means foi 
the generation of heat as well as contuvances foi the lapid dissipation 
of the heat produced oi foi its letention and husbanding within the 
body The control of these matters has been clearly shown to reside m 
the brain, for the severance of nervous connection with the higher parts 
of the cerebrospinal system leaves the body m the condition of a poilulo- 
thennic animal Whethei this is due, as Tigerstedt 0 tends to believe, 
to the bathing of the brain with blood too hot or too cold or to the trans- 
mission of sensations of heat or cold by the nerves, it is difficult to say 
with ceitamty 7 Nor aie we satisfactorily informed as to the precise 
poition of the brain which is concerned m this piocess of heat regula- 
tion, although the discovery of manv so-called thermo-regulatoiy centeis 
has been reported That one found by Aronsohn and Sachs 8 m the 
anterior medial portion of the coipus stuatum has been most generally 
accepted and many investigators have confirmed their statement that 
the puncture of this area will cause an elevation of tempeiatuie which 

G Tigeistedt Nagel’s Handbuch der Physiologie des Mensclien, 1906, l, 604 

7 Of gieat intei est m tins connection would be the accuiate studv of beat 
legulation m patients suffering fiom syringoma elia in whom all appreciation of 
heat and cold is lost Except for the existence of disturbances of the lasomotois 
of the shm and the sweat secretion, I can find no satisfactory c\ idence on tli s 
point 

S Aronsohn and Sachs Aich f d ges Physiol, 18S6, wtvm, 232 
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lasts several days This sort of hypertheimy has been studied a gieat 
deal m connection with fever, and we shall refer to it frequently 

The generation of heat can be effected by the nervous system m the 
musculatine eithei by the production of actual movements, including 
such as are evident m shivering, or by the heightening of the muscle 
tonus Wlietliei the biam by sending out impulses of any sort to the 
muscles or to the other tissues can dneetly acceleiate or intensify the 
chemical piocesses which lead to the production of heat is still question- 
able 

The regulation of the dissipation of heat, on the other hand, is very 
dneetly controlled by the nervous system, and the mechanism employed 
is adjusted with great delicacy Thus radiation and conduction of 
heat f lorn the surface of the skin depends on the caliber of the cutaneous 
blood vessels, which can be changed within very wide limits by the vaso- 
motoi neives, m order to keep the body from becoming too warm, 
wlietliei from excessive production of heat or from the high temperature 
of the sui rounding medium, the skin is flushed with blood, while expo- 
sure to cold is quickly followed by such contraction of those vessels that 
the body suiface becomes very pale and the warm blood is restricted as 
much as possible to the intei lor and piotected from cooling Even more 
effective is the secietion of sweat, the evaporation of which keeps the 
body cool even when exposed to veiy high temperatures In all animals, 
but especially m those which possess no sweat glands, a similar result 
is attained by the exhalation and evaporation of water fiom the lungs, 
and it is well known that m such animals as the dog this is an extiemely 
impoitant method of eliminating heat, the evaporation being gieatly 
increased by acceleration of the lespiration If, as in the experiments 
of H IVintemitz, 0 the mechanism for the dissipation of heat can be in- 
capacitated by immersing the person m a hot bath at a temperature 
above the noimal body temper atuie, a curious change occurs m the res- 
pnation Apparently there is no mechanism m the human being to 
respond to such cncumstances by accelerating the lespiration, but it 
becomes gieatly mci eased m volume, possibly m the attempt to com- 
pensate foi the usual cooling effect of sweatmg In dogs so immeised, 
on the other hand, the late of lespiration increases fiom about 15 to 300 
or more, foi the dog still has his noimal method of cooling himself 

In such experiments the body temperature and heat production as 
measured by the chemical changes are gieatly elevated and may here be 
legal ded as escaping fiom the conti ol of the legulatmg mechanism On 
the other hand, if the animal is exposed to cold, as long as its heat- 
regulatmg mechanism retains its control and the body temperature re- 


0 Wmteimtz (H ) Kim Jalnb, 1900, vu, 299 
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mams constant, the heat production as measured by the chemical 
changes is also increased, but sinks when the regulation is no longer 
maintained and the temperature falls 10 

HEAT PRODUCTION AND LOSS IN PEVER 

If we now turn our attention to the condition of the temperatuie, 
heat pioduction, and loss, m fever, we find that so much light has been 
shed on the subject m the past few years that we may speak of certain 
questions with some degree of security, although there remain many 
points which are still obscure 

It is evident that there are seveial possible ways m which the tempera- 
ture of the body may be elevated The heat production may increase while 
the heat loss remains constant, or, the heat production remaining con- 
stant, the heat loss may be diminished, or both may be elevated but not 
proportionately Any disproportion, however slight, between the two 
which leaves a positive balance of heat will m time bring about an eleva- 
tion of the body temperature In this sense we aie reminded of the won- 
deiful symmetry of action of the two sides of the heart The slightest 
continued disproportion between the output of the two ventricles such 
that the left ventricle ejects less than the right will m a short time lead 
to the enormous overdistention of the pulmonary vessels and edema of 
the lungs It is plain, therefore, that a great increase m the production 
of heat is by no means unconditionally necessary foi the elevation of the 
body temperature, and we can leadily understand that the continued 
accumulation of slight excesses may quite rapidly lead to a very striking 
pyrexia 

Traube attempted to explain fever on the basis of the second alter- 
native mentioned — temperature elevation from excessive retention of 
heat alone, and supported his theory ingeniously, but it needed only the 
determination of any increased heat pioduction m cases of fever to 
shatter this theory And this proof has been brought by many workeis, 
chiefly by means of a study of the respiratory gaseous exchanges, which 
showed that oxidation and consequent heat production is increased, but 
also by the direct measurement of the heat produced by an animal dur- 
ing fever, a measurement which can be carried out by the aid of a suit- 
able calorimeter (direct calorimetry) 

It is important to observe that the more recent writers on this subject 
estimate the increase m the heat production during fever at a much lower figure 
than did the earlier observers (Senator, Finkler, Colasanti, Lilienfeld and 

10 Pfluger Arch f d ges Physiol , 1878, xvm, 324 Rubner Sitzungsb d 
Akad d Wissenseh zu Munchen, 1885, 458 
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others), who often found an increase of 75 per cent or even more With Kraus' 11 
there began a series of more accurate investigations, m which stress was laid on 
the importance of keeping the animal under obseivation m a state of musculai 
repose, since he recognized that the eailier work was untrustworthy on account 
of the great variations produced by muscular contractions, shivering, etc After 
eliminating these sources of enor, he found the febrile increase m heat produc- 
tion to be represented by an increase m oxidation of 20 per cent at the utmost 
Lowy 12 also found the increase m combustion relatively slight, sometimes sinking 
within the limits of normal and at the highest rising to 51 8 per cent 

Nebelthau, 13 recognizing the inaccuracy of this indirect method of estimating 
the heat production when applied for short periods, studied the heat production 
and loss m febrile rabbits by direct measurement m a calorimeter, the observa- 
tions being made to extend over a long period He, too, found a distinct increase 
m the output of heat, but thought it still conceivable that fever might arise 
from the coexistence of a constant heat production and diminished heat loss 

Krehl and Matthes 14 found an increase m heat production of 14 to 60 per 
cent in the height of certain fevers, while Staehelm 15 in his febrile dog observed 
at first a diminished heat production, although later m the height of the fever 
the normal was exceeded by 45 to 47 per cent May 10 m febrile rabbits similarly 
found a normal heat production on the first day of the fever, but a rise of 5 to 
28 per cent on the second day 

All these authors agree, therefore, that m fever there is a distinct 
increase m the heat production When they speak of an increase of 25 
to 50 per cent in the heat production as compared with the normal it 
seems at first sight an enormous change The true significance of this 
statement is not clear, however, until we examine the heat production 
under some other conditions, and a hmt of the relative importance of 
the influence of these other conditions is given by the refusal of the re- 
cent workers to accept the results of their predecessors because they had 
not carefully attended to the exclusion of the effects of chance muscular 
movements during the observations Speck 17 even goes so far as to 
assert that there is no increased heat production m fever, that even 
the modern figures are a delusion based on the overaction of the respira- 
tory muscles, the intensification of the heart beat, etc 

The amount of heat produced m the body on the ingestion and ab- 
sorption of a full meal is very greatly increased over that produced by 
the same person when at rest and with an empty stomach Many earlier 
workers have demonstrated this, and Staehelm, 18 m his recent careful 
study, has shown very clearly the effect of various forms of food, the 

11 Kraus Ztscbr f klm Med , 1890, xvm, 91 

12 Lowy Virchow’s Arch f path Anat , 1891, exxvi, 218 

13 Kehelthau Ztsehr f Biol, 1894, xxxi, 293, Arch f exper Path, xlvi 

14 Krehl and Matthes Arch f exper Path , 1S97, xxxvm, 284 

15 Staehelm Arch f Hyg, 1904, L, 77 

16 May Ztsehr f Biol , 1S93 xxx, 51 

17 Speck Physiologie des Mensckhcken Athmens, Deutseh Arch f khn Sled , 
1S92, xlv, 461 

18 Staehelm Ztsehr f klm hied , 190S, lxvi, 201 
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mci eased eneigy pioduetion being gieatest aftei a meal composed of 
caibohydrate and proteid Such an increase m heat pioduetion may sui- 
pass by a gieat deal that observed m fevei, but theie need be no use m 
tempeiatuie With muscular work the mcieased heat production is en- 
ormously gieatei In contrast with the febule patient at lest, m whom, 
as we have seen, heat pioduetion reaches a model ate excess, the normal 
man, m the course of muscular labor, produces an amount of heat often 
seveial hundred pei cent m excess of that developed while he is at rest 
— and still there need be no elevation of his body temperature He dif- 
fers from the febrile patient m the extiaoidmarily rapid discharge of 
heat by all the means at his disposal 

Although it is obvious from the direct ealonmetnc estimations men- 
tioned that the heat loss is increased dui mg fever as well as the heat 
production one must gathei, from the knowledge of the noimal methods 
of heat legulation duung great elevations of the heat production, that 
m fever the dissipation of heat is relatively restricted, and that, even 
though the body has not at its disposal the enormous quantity of heat 
pioduced by the well-fed and working man, the metabolism is somewhat 
accelerated and some of the excessive heat is retained This is sufficient- 
ly clear, although I can not find perfectly precise measurements of the 
amount of heat pioduced during a certain period contrasted with the 
amount lost m the same period m order to show concretely the dnect 
cause of the elevation of temperature 

Liebermeister, 10 as is well known, entertained the view that the regu- 
lating mechanism is m fever peculiarly altered to react for a diffeient 
standaid of body temperature As he expresses it, the regulating mech- 
anism is tuned up to a higher pitch so that it begins to allow of the escape 
of heat only at a higher level, exactly as we might screw up the thermo- 
legulatoi of a tlieimostat so that its tempeiature would stand at 40 
instead of 35 There is something very attractive about this idea, but it 
must be said that the experiments which might establish it as a fact 
have not been carried out satisfactorily 20 In general it is known that 

19 Liebermeister Patliologie der Fieber, 1875 
"Efforts have been made by Stern, Filehne and others to show that theie is 
some such constancy m the activities of the heat regulating mechanism, but 
Krelil points out veiy justly as it seems the fact that there is rather a weaken- 
ing of the control so that febrile patients are more subject to external influences 
than noimal persons — they are more easily cooled in a cold bath and more sub- 
ject to the effects of antipyretics Of course, the abnormal condition of the 
cutaneous vessels and other mstiuments of the regulatory mechanism must be 
remembeied, but the a cry inconstancy of the body temperature during fever seems 
to linn enough to indicate that here we are not dealing with an adequate legu- 
latmg mechanism which is merely tuned to a higliei pitch, but rather with one 
which to a certain extent has lost its control 
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musculai effoit dm mg fevei may duve the temperatiue up — that the 
taking of food may elevate the tempei atuie, and that even aftei con- 
valescence has begun the tempei atuie legulation of a febrile patient is 
veiy labile and easily distuibed But we do not know piecisely whethei 
the output of heat pioduced by muscular work during fevei would be 
legulated at this higher standard m a way resembling that m the noi- 
mal If Liebermeistei’s theory is to hold, the heat pioduced fiom mus- 
culai work should be dissipated after the requisite amount to maintain 
the heightened body tempei ature has been accounted for, m the same 
way as m the normal 

Much intei est is attached to the variations m heat production and 
loss, and the consequent temperature m the vanous stages of fevei It 
seems piobable that this must vaiy m different types of fever, for the 
ehaiacteis of these stages differ so much, but it is certain that m the 
initial stage, especially m those cases m which fevei is ushered m by the 
appeal ance of a chill, eveiy mechanism is set to work by the body to 
limit, as fai as possible, the escape of heat and by mcieasmg at the same 
time the heat production to elevate the temperature as rapidly as pos- 
sible The skin becomes livid and blue and cold as the result of the en- 
eigetic contraction of the cutaneous vessels, the veiy impoitant methods 
of heat loss, ladiation and conduction, aie theieby restricted to the 
maximum degree Evaporation from the skin and fiom the lungs is 
also decieased, although in some cases that fiom the lungs has been 
observed to be heightened Further, the patient, fiom the very sensation 
of cold pioduced by these changes, diaws his body into the smallest com- 
pass and covers himself thickly with clothes On the other hand, heat 
pioduction is greatly mci eased, and especially so by the increased ten- 
sion of the muscles, the slnveimg and even by the goose flesh Liebei- 
nieistei found an mciease of 21 to 24 pei cent m the heat pioduction 
m the hot stage of a malaiial attack, m the chill 147 per cent increase 
Haturally the muscular contractions aie chiefly responsible for this high 
figuie Ivi ehl and Matthes 20 find that m this stage both heat production 
and heat loss fluctuate a great deal, but that the} r diveige from one 
anotliei fai moie than m the noimal 

Duimg the fastigium oi height of the fever the disproportion be- 
tween heat pioduction and heat loss is less striking Conduction and 
ladiation of heat fiom the skin and evaporation approach the condition 
found in the noimal person on the same diet 21 and m the same sui- 
roundmgs, but this m itself is abnormal, for m a healthy person with 

20 Ivrehl and Matthes Aieh f expei Path , 1S97, xxvm, 284 

21 Kielil Ztscln f allg Physiol (Verwom’s) , 1902, i, 29 
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sueli an elevated heat production these regulating mechanisms would be 
greatly stimulated 

The blood supply to the skm m the height of fever undergoes re- 
markable fluctuations, as Senator 22 pointed out, the dilatation and con- 
traction of the vessels may vary from hour to hour and even from one 
part of the skm surface to another, and consequently it seems probable 
that if we could determine the heat loss from the skm for very short 
periods we would obtain a curve showing very marked irregularities In 
this stage, then, we have an irregular and moderate increase m the heat 
production associated with an irregular increase m the heat loss How- 
ever much the heat production may increase, the heat loss keeps a place 
somewhere behind it, and there is no parallelism between the temperature 
and the heat production or between temperature and the amount of oxi- 
dation going on Krehl and Matthes point out the fact that the special 
cause of the fevei does not necessarily govern the intensity of the heat 
production, over which the nutritive condition of the patient and the 
individual type of reaction have a great influence The young strong 
patient tends to show a higher heat production than does the aged, weak 
one and it is a commonly appreciated fact that the lack of an intense 
febrile reaction, like the absence of adequate leucocytosis, is often an 
index of the low powers of resistance of the patient When a patient is 
overcome by the intensity of the infection, it is also usual to observe a 
fall of body temperature to a subnormal level 

In the last stage of fever, that of defervescence, there is a giadual or 
sudden strengthening of the mechanical dissipation of heat and at the 
same time a decrease m the heat production One receives the impres- 
sion that the mechanism of heat elimination, having been held m leash 
by the regulating nervous system, is now set fiee when the poisoning is 
overcome and the saving of heat no longer necessary Especially m the 
critical forms of defervescence is this outbreak of heat dissipation seen 
to advantage, merely because there the phenomena are concentrated into 
a short period of time 

TOPOGRAPHY AND MECHANISM OF FEBRILE HEAT PRODUCTION 

Since I wish to discuss in some detail the changes m metabolism 
which underlie these disturbances of the heat economy of the body, the 
limits of this lecture will not allow me to enter on a consideration of 
the topography of heat production further than to say that the muscles 
are commonly regarded as the great source of heat, although, of course, 
every tissue is concerned to some extent m its development In fever 


22 Senator Untersuchungen uber den Fieberhaften Process, 1873 
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there are, as we shall learn, certain special reasons for thinking that 
heat production is brought about chiefly m the muscles There are, how- 
ever, those who disagree with this assumption and believe that the liver 
is even more prominent m this connection Hirsch and Roily 23 find that 
after the influence of the muscles is destroyed by curare, it is still possi- 
ble to produce hyperthermy by heat puncture, and, since this is not suc- 
cessful m glycogen-free animals, they ascribe the production of heat to 
the combustion of carbohydrates m the liver, and by thermoelectric 
methods show that it is only after the temperature rises m the liver that 
it, does so m the muscles Hnseli and Muller 24 apply the same thermo- 
metric and thermoelectric methods to the mapping out of the heat pro- 
duction m the body, and find m fever that the liver is far warmer than 
the muscles, and that even the subcutaneous tissues have a higher tem- 
perature They regard the low temperature of the muscles as notable, 
and hold that Heidenliam’s view that the muscles are warmer than the 
aortic blood is thus disproved The methods employed m these researches 
seem not entirely above criticism, for we have again a conclusion as to 
heat production based on the temperature of an organ, and, m my judg- 
ment, we must still defer our ultimate conclusion as to the relative im- 
portance of the muscles until further work is brought out 

Ror can I consider at length the interesting discussion as to the 
claims of the theories of the neurogenic and toxogenic nature of fever 
The precise character of the nervous mechanism which presides over 
the heat economy of the body is far from being well understood, but I 
have already mentioned the fact that there are certain localities m the 
brain, lintation or injury of which causes hyperthermy, and have drawn 
especial attention to that so-called heat center which was discovered by 
Aronsohn and Sachs in the anterior medial portion of the corpus stri- 
atum The character of its action is, however, not understood, we are 
far from possessing definite proof of the existence of any special nerves 
which preside over the production of heat, and it is at this point that 
the neurogenic theorj’ of fever is attacked Hirsch, Muller and Roi- 
ly 25 put forward the idea that it is not from the action of the nervous 
system that the febrile intensification of metabolism arises, but rather 
from the introduction of poisonous substances which directly injure the 
cells "Wlnle the neurogenic chemical heat regulation occurs m the mus- 
cles with the increased burning of carbohydrate, the mcreased burning 

23 Hirsch and Roily Deutsch Arch f klm Med , 1903, Ixxv, 307 

24 Hirsch and Muller Deutsch Arch f klm Med , 1903, Ixxv, 2SG 

25 Hirsch, Mullei and Roily Deutsch Arch f klm Med , 1903, Ixxv, 265 
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in fever is probably univeisal and affects especially the pioteids, the part 
played by eacli organ depending on the intensity of its specific function 
m metabolism Fevei is thus a specific leaction against injurious ma- 
tenals which affect the tissues Kiehl and Soetbeei 20 find that m cold- 
blooded animals, such as the fiog, infection results m a marked heat 
production and dissipation, and, inasmuch as these animals have no 
nervous mechanism controlling heat legulation, they see m this lesult a 
pi oof of the toxogemc theory of fever 

It would seem perfectly possible to control the part played by the 
neivous system m fevei by a variety of expenments Ho one doubts 
the dependence on the nervous system of the mechanism governing the 
dissipation of heat, and the question is rather as to the relation of the 
heat production to the supenoi neive elements 'Of course, it is plain 
that by causing muscular contraction or increasing musculai tone the 
motor neives can increase heat pioduction, and one might be inclined to 
say that m all piobability this is the way m which the heat pioduction 
is stimulated m all cases But it is fiequently observed that when the 
spinal cord high m the neck is severed theie occurs a febule use m tem- 
peratuie with increased heat production , 27 although often it is the re- 
verse, a gradual sinking of tempeiature Section of the medulla neai 
the pons causes a rise m tempeiature, and the injury of the coipus 
striatum spoken of above very regulaily bungs this about Analysis of 
such effects shows that the elevation of temperature is not due solely 
to limitation of heat dissipation, foi Schultze 28 finds that animals with 
heat puncture leact to outward changes m tempeiatuie precisely as do 
noimal animals Tlieie is, on the contrary, an actual increase m the 
pioduction of heat, even though the animals lemam perfectly quiet, 
and, although there has been some disagreement as to the actual souice 
of the heat, m these cases it seems probable that we must accept the 
results of Senator and Bichtei , 29 who find that theie is not meiety an 
increased combustion of carbohydrates, but that pioteid metabolism is 
also mci eased In no essential particular, then, does this hyperthermy 
diffei fiom that of fever 

Despite all this evidence that a somewhat peculiar febrile leaction 
can be produced bj r injury of the biam and despite the peifeetty certain 

2G Kielil tnd Soetbeer Arch f exper Path u Pliaimakol, 1898, xl, 275 

27 Krelil Verhandl d Cong f inn Lied , Wiesbaden, 1898, xvi, 229 

28 Schultze Arch f expei Path , 1900, xlm, 193 

29 Senator and Eicliter Ztschr f khn Med , 1904, hv, 1G 
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and generally accepted fact of the nervons conti ol of the heat-dissipating 
appaiatus, I feel that there is much to he said for the view that the cir- 
culating poisons affect dneetly all the cells of the body, and that the 
latter m their quality of living piotoplasmic cieatures react with an 
mcieased metabolism It appeals to me as a leaction quite analogous to 
that m which leucocytes aie produced m enonnous numbers m the far- 
off bone manow when they are needed m the pneumonic lung, and is no 
moie easily explicable than this 

METABOLISM IN FEVER 

Having discussed the geneial subject of heat legulation m connec- 
tion with fevei, m some of its aspects, we may now turn to the consideia- 
tion m somewhat gieatei detail of the chemical piocesses which undeilie 
the pioduction of heat It may be said m geneial that these processes, 
m so fai as they aie connected with heat pioduction, consist chiefly m 
the combination of oxygen with caibon and with liycliogen with the 
foimation of caibon dioxicl and watei That this outcome may be m- 
tenupted by the foimation of mteimediate products detiacts m no way 
fiom the truth of this statement, and if only sufficient time be devoted 
to obseivation the final results aie the same That theie are othei oxida- 
tions going on is, of course, tiue, but their iole m compaiison with those 
mentioned is almost negligible Turthei, the amount of heat produced 
m the vanous decompositions and syntheses is veiy slight, and we shall 
not go far astiay m restricting our attention to the oxidation 

Something has alieady been said concerning these processes m dis- 
cussing the production of heat m so fai as the amount of heat pioduced 
m fevei was compaied with that pioduced m othei conditions How, 
liowevei, it is important that we should be able to compaie moie ac- 
curately the figuies which lesult from the estimations of oxygen m 
vaijmg conditions, and at the lisk of becoming tedious I shall quote 
the statements of vanous authors as to the total oxidation products m 
vanous stages of hunger and nutntion, m musculai woik, m exposuie 
to heat and to cold and finally m fevei H atm ally these results may 
lari’- widely because of the size and chaiactenstics of the individual 
obsenecl and because of diffeience m the cliaiacter of the nutrition, but 
they will doubtless diveige so fai from the normal that theie can be no 
question as to the effects of the conditions winch they aie meant to 
illustrate Tor the sake of convenience, they may be set down m the 
foim of a table 
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Table Showing Statements of Various Authors as to Oxidation Products 

in Various Conditions. 

CO 2 Output Oxygen Absoi ption 
c c gm c c gm 

pei nei pei pei 

Subject Condition Min Hour Min Horn Autboi 


Healthy Man — 

In bed, fasting Especially quiet 

214 

Johannson 30 

Ordinarily quiet 

28 1 



Healthy Man — 

Fasting 

During and after meal 
Sleep 

After five days’ hunger At rest 
or reading 

During and after a walk 
Sleep 


Healthy Man — 

Exposed to cold and heat 

Surrounding temperature, 4 4°C 
Surrounding temperature, 15 2°C 
Surrounding temperature, 30°C 

35 16 

26 33 

28 5 

Voit 33 

Healthy Man — 



Best 

27—37 


Walking 

49—67 

(increase 

13—45) 


Climbing 

86—131 

(increase 

50—104) 



Healthy Man 67 2 kg — 

1 Complete repose Fasting 19 86 

2 Complete repose Proteid meal, 

75 gm proteid 23 50 

3 Complete repose Fat meal, 7 

gm proteid, 77 4 fat, 30 carbo 
hydrate 22 65 

4 Complete repose Carbohydrate 

meal, 32 gm proteid and 
carbohydrate, 189 fat 24 08 

5 Complete repose Proteid and 

carbohydrate, 90 gm proteid, 

34 gm fat, 113 gm carbo- 
hydrate ^ 25 80 

Healthy Man, 48 kg — 

At rest Temp 36 2 133 8 15 86 

After 35 mm in bath at 40 41 C 
Temp of pt 38 C 316 2 37 50 

30 Johannson Skand Arch f Physiol , 1897, vn, 172 

31 Johannson Skand Arch f Physiol , 189S, vni, 108 

32 Voit Ztschr f Biol , 1877, xiv, 79 

33 Staehelm Ztschr f khn Med, 1908, Ixm, 201 

34 Staehelm Ztschr f klm Med, 1908, Km, 201 

35 Wmtermtz (H ) Klin Jalirb , 1900, vn, 1 


17 45 Sta elidin'” 

22 54 

21 88 

21 41 Staehelm 34 

23 61 

172 9 14 38 Wmtermtz 35 

363 6 31 18 
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C0 2 Output 

Oxygen Absorption 



c c 

gm 

c c gm 



per 

per 

per pei 

Subject 

Condition 

Mm 

Houi 

Min Horn Autlioi 


Woman, 61 kg — 






Erysipelas Temp 40 C 

303 91 

36 02 

32141 

27 57 

Kraus 30 

Fever-free one month latei 

224 68 

25 64 

245 18 

21 3 


Man, 48 5 kg — 

Typhoid, 2nd week Temp 39-40 8 
Man, 48 5 kg — 

284 12 

33 69 

350 4 

30 02 


Pneumonia Temp 38 9-40 5 

234 9 

27 85 

25 56 

21 91 


Mian, 58 kg — 

Pleuntis Temp 39 5 

Man — 

254 78 

30 21 

315 1 

27 02 

Lowy 37 

Typhoid Temp 39 5 

Man, 50 kg — 

263 99 

31 30 

39S 32 

3416 


Typhoid Temp 39 5 

Man, 50 5 kg — 

205 79 

24 40 

291 72 

25 02 


Tuberculosis Temp normal 

206 29 

24 43 

255 95 

21 95 


Tuberculin injection Temp 40 2 

280 96 

33 12 

316 25 

27 15 



Woman, 61 4 kg — 

Suspected tubeiculosis Temp 


36-37 

289 51 

34 22 

38141 

32 71 

Kraus and 

Tuberculin injection Temp 39 2 
Woman, 46 kg — 

310 84 

36 S6 

417 20 

35 78 

Chvostek 33 

Pulmonary tuberculosis Temp 






37 9 

184 15 

21 83 

268 07 

22 99 


Tuberculin injection Temp 40 2 

258 97 

30 71 

399 17 

34 32 



Tins table suffices to show that m fever in man the oxidation is usually but 
not necessarily increased, but that tbe increase is not very great Kraus esti- 
mates it is not exceeding 20 per cent at tbe highest, while m some cases it is not 
elevated at all And Lowy, Riethus and others concur with him m this opinion, 
believing that the higher percentages given by the earlier workers (Senator 75 
per cent ) were probably dependent on the muscular unrest which prevailed dur- 
ing their observations Similar results have been obtained m the case of animals 
m which fever has been experimentally produced, and I need only refer here to 
the careful studies of May 39 and Staehelm 40 

May gives the result m one of his hungering rabbits m which he produced 
fever by inoculation with the bacillus of swine erysipelas as follows 


Rabbit E 
Before infection 

After infection and dui mg fever 


C0 2 Oxygen Resp 

Output Absorption Quotient 

48 756 46 861 0 7567 

53 035 50 700 0 6953 


Here we have an increase m the caibon dioxid of only a little more than 8 
per cent , and Staehelm m observing the dog infected with surra found the fol- 
lowing changes m the carbon dioxid output 


36 Kraus Deutsch Ztschr f klm Med , 1S90, xvm, 160 

37 Lowy Virchow's Arch f path Anat, 1891, cxxvi, 21S 
3S Kraus and Chvostek Wien klm Wchnschr , 1S91, 607 

39 May Ztschr f Biol , 1S93, xxx 1 

40 Staehelm Arch f Hyg , 1904, 1, 77 




584 


FEVER 


Caibon Diomid, 
Output Per Daj 
(Aveiage of Seveial Dass) 


Before infection 178 G 

Aftei infection — Fust penoil Temp 37 0 30 4 169 85 

Second penod Temp 39 5-40 1 206 75 

Thud penod Temp (?) 229 0 

Foui th penod Temp 3S 5-40 4 195 5 


The maximum mciease of caibon dioxid m tins case is 2S pei cent 

It is obvious that the value of sueli estimations of the total oxidation 
m fevei lies m the fact that we can thus compaie loughly the extent of 
the oxidation m that condition with that obsened m a noimal peison, 
oi m a peison doing muscular woik, and can judge as to wlietliei the 
metabolic changes aie m gioss greatei or less than m those persons 
We maj even compute, if we know the total nitiogen output, the pio- 
poition of this total oxidation which pei tains to the binning of mtiog- 
enous matenals and that which results fiom the combustion of the ni- 
trogen-free substances but, unless we know moie than this, we can gam 
no very accurate idea as to the moie intimate natuie of the piocesses 
which go on m fever as conti asted with those m a healthy peison It is 
knovn, foi example, that m the healthy peison, as long as tlieie is a suffi- 
cient supply of eneigy-pioduemg food, the tissues themselves aie not 
attacked, it is known, fuither, that the oxidation m the normal person 
is veiy much modified by the charactei of the food, and, still further, 
that m muscular work m the normal individual the oxidation associated 
with the supply of eneigy for the work does not affect even the cucu- 
latmg proteins, so long as there is abundant supply of non-nitiogenous 
matenals These things are, howevei, by no means to be assumed as true 
m the case of the febrile person We must, theiefoie, m oidei to deter- 
mine the exact nature of the piocesses of oxidation m such a peison, 
even moie than m the normal, make such studies as will give us evidence 
of the exact amount of piotem, of caiboliydiate and of fat m the food, 
we must know the amount of watei taken into the body and, if possible, 
the amount of ox} r gen absoibed We must then know the output of 
these vanous substances, pieferably m health and m fever in the same 
individual, and this information must include at least the amount of 
nitrogen excieted m the unne and feces, and the amount of carbon m 
the urine, feces and respiration as well as the amount of water excieted 
by these channels We can then, and then only, deteimme the balance of 
nitiogen, carbon and water, and m order to estimate with any accuiaey 
the suspected changes m the tissues such information as to the balance 
seems necessary Even then the methods which have been mentioned 
for the appraising of the amounts of the non-nitiogenous substances oxi- 
dized are perhaps not absolutely to be relied on, for unless the animal is 
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staived until it can be regarded as glycogen-fiee — always a doubtful 
assumption — we must depend on the idea that after the amount of car- 
bon dioxid conespondmg to the nitrogen excretion is deducted the 
lemamder is to be applied, first, to accounting for the oxidation of car- 
bohydrate and only after that the oxidation of the fat Further, the 
existence of the intei mediate products of oxidation can not be suspected 
unless we know the respiratoiy quotient, that is, the relation of the out- 
put of carbon dioxid to the absorption of oxygen 

The exact estimation of the nitrogen balance seems to be of especial 
importance m the study of the protein changes m fever which aie so 
piomment In the literature of the subject, howevei, I can find no such 
studies of fever m man, nearly all — I may say all — are fiagmentary m 
the sense that the character of the food is not lecorded or that the esti- 
mations of excreta are not sufficiently complete to enable one to do more 
than infer fiom comparison with approximately similar estimations, m 
the normal, the nature and extent of the change Naturally only diverg- 
ences of considerable extent from the average normal will be recognized 
m tins way The recent researches of Staehlm on the metabolism of non- 
febrile tuberculous patients give, however, a very good model for such 
work 

Nevertheless, the principles involved are rendeied clear m the papeis 
alieady mentioned of May and Staehelm 


May starved Ins rabbits until a uniform nitiogen output was established and 
then inoculated them with the bacillus of swine erysipelas and was able 
to draw up such tables as the following, in which, since the rabbit received no 
food, he could accurately assign the oxidation products to the body tissues from 
which they sprang Carbon- 



Nitrogen 



From Non- 

Temperature 

of 

Respiratory 

From 

Nitiogenous 

of Animal 

Unne 

Carbon 

Piotems 

Materials 

39 5 

1 30 




39 2 

1 45 




39 5 

1 79 

13 22 

5 796 

8 848 

39 7-41 2 

1 81 

13 10 

5 864 

8 675 

40 8-40 7 

2 45 

14 53 

7 938 

8 545 

34 7-32 5 

0 103 

12 337 




Collapse 


Staehelm fed his dog but estimated precisely the constituents of the food and 
the consequent nitrogen and carbon balance m the excreta From this, since the 
deficit of nitrogen and carbon showed that there was constant tissue destruction, 
he could feel sure that the increased output of carbon was derived from body 
protein and body fat and could estimate the proportion m which they w ere 
oxidized His tables 41 show very plainly that there is not only a rapidly in- 
creasing protein destruction during the fever but that there is also an increasing 
oxidation of body fat, which is far too great to be ascribed to inanition To this 
relation of the fat it will be necessary to return Staehelm summarizes the total 
body destruction of the animal m this experiment as follows 


41 Staehelm’s tables are too long to reproduce here, but they have been copied 
by Kraus m von Koor den’s Metabolism and Practical Medicine, Volume H, where 
they are perhaps more accessible than m the original paper 40 
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Pielimmaiy period 

Protein Fat 

Destruction Destruction 

8 51 

Inoculation and prodromal 

17 

73 

First period of fever 

29 

49 

Second period of fever 

110 

204 

Third period of fevei 

47 

79 

Final period 

143 

175 

The value of the respiratory quotient which gives us a clue 

as to the 


qualitative chaiacter of tlie oxidation processes does not seem to have 
been as gieat m the case of fever as might have been expected, for theie 
is still much dispute as to its amount in that condition The eailier 
authors found, as a rule, that this coefficient was lowered m fevei — thus 
Regnard, Riethus, Fmkler and Lowy all leport such a diminished res- 
piratory quotient Senatoi sums up his results m the following state- 
ments 

Even m the most favoiable case the mciease m the caibon dioxid output is 
far less than the meiease m the urea excretion In the fehule body there is not 
(unless pei haps m the earliest hours of the fever) any abnormal accumulation 
of carbonic acid — rather the reverse Therefore, m fever the burning of nitro- 
gen-free carbonaceous material (fat) to its end product (carbon dioxid) can not 
oceui to the same extent as the decomposition of protein into urea On the con- 
trary, there seems to be rather a decrease of fat combustion than an increase, 
and the fevered animal will theiefore become relatively richer m fat than a non- 
febrile animal m the same condition of nutrition Tins probably explains the 
fatty degeneration which occurs m the tissues m febrile diseases 

Kiaus, m 1891, found that no direct relation existed between the 
extent of oxidation and the degiee of pyrexia and concluded that any 
qualitative alteration of febrile metabolism that might be found was 
insufficient to influence the respiratory coefficient m a recognizable de- 
gree As a matter of fact, he found the quotient piactically unchanged 
and thought that any changes which might occur were determined by the 
existing nutritional state, by the bodily condition and b} r the material 
available for metabolism Jaquet has adopted the same view and has 
shown that a diminution of caibon dioxid elimination m the lespired 
air ma} r depend on a diminished respiratoiy effort and less complete ven- 
tilation of the lung 

Staehelin gives the following figures fiom his experiments (average in round 


™ bers) Eespiratory 

Quotient 

Normal person, fasting , 0 82 

Noimal person, after protein meal 0 78 

Normal person, after fat meal 0 75 

Normal person, after carbohydrate meal 0 81 

Normal person, after mixed protein and carbohydiate 0 79 

Pathologic person, carbohydrate meal 0 89 

Pathologic person, after protein meal 0 89 

Pathologic person, fasting 0 75 
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On the whole, it seems that the lespnatoiy quotient as such can at 
best give only a suggestion as to the probable predominance of one ma- 
terial over the otheis m metabolism, for it is not changed by a meal 
composed exclusively of protein noi by museulai work 

PROTEINS AND EATS IN EEYER 

This leads to the consideration of the fate of the foodstuffs and body 
constituents m fever as contrasted with health and we may well begin 
with the piotem substances, since oui knowledge of the pait they play 
is much greater than m the case of the lest Since the work of Yogel 42 
and Trau be 43 it has been known that m fever the most striking change 
m the chaiactei of the excietion consists m the greatly mci eased output 
of nitiogen m the uime Senatoi found this m his feverish dogs and 
the quotation from his work just given shows fanly well his familianty 
with the fact Since these earlier papers every workei on the subject has 
confirmed this fact 44 The amount of the excess of nitrogen varies m 
different eases according to the intensity of the disease and with the 
cause, but theie is no constant parallelism between these things Especi- 
ally can it be said that the cuive of the nitrogen excretion is not parallel 
with that of the temperature, for there are many infectious and toxic 
conditions m which the nitiogen output is greatly mci eased, but m 
which there is no fevei at all In the estimation of the amount of this 
excietion which can be legal ded as abnormal, not a few difficulties are 
met with, as I shall tiy to make clear 

Speck , 40 m his review of the subject of nutritional and energy metab- 
olism, emphasizes the idea of the existence of two lands of protein m the 
body, one the living piotem of the cell, which is very lesistant to de- 
composition, wdnle the other, the circulating protein absorbed from the 
food, is readily oxidized and excreted as uiea When an individual is m 
brisk muscular action the lespiratory interchange is heightened, the ex- 
cietion of urea is not much mci eased and the heat production and liber- 
ation of mechanical eneigy is thought to be due to burning of the nitio- 
gen-fiee elements It is only wdien these are lacking that protein is ex- 
tensively used for such a purpose, and there is no store of really labile 
nutrition protein foi this puipose The decomposition of the organic 

42 Ztsclir f ration Med, 1854, new senes, iv 

43 Traube Deutsch Ivlin 1S55, xln, 511 

44 Leyden and Klemperer reported a loss of 109 gm of nitrogen equalling 3 2 
kilos of muscle tissue m twelie days, and Friedrich Muller m another case de 
termmed that there was lost an amount of nitrogen (86 4 gm ) corresponding to 
2 5 kilos or 5 5 pounds of muscle tissue m eight days Frequently, as will he 
pointed out, this loss is gieatest during defervescence 

45 Speck Ergebn d Physiol , 1903, n, 1 
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protein is completely different fioni that of the unorganized and follows 
other laws, being inconspicuous m normal conditions, but conspicuous 
m certain abnormal states, such as insufficient oxygenation, various in- 
toxications and fever When it does break down it becomes inanimate 
circulating protein, but its pioducts of decomposition lag behind m the 
body and are excreted only slowly Then, however, the urea output is 
incomparably greater than that appearing after muscular work and is 
more closely approached by that following the ingestion of excessive 
amounts of protein Such disturbances are affections of the metabolism 
-of nutrition rather than that of energy production 

It is evident from this, as I have emphasized before, that in order 
to obtain any unassailable information as to the character and source of 
the protein excreted and the amount of its excess, we must study it either 
m an animal m a state of complete starvation or m an animal reduced 
io nitrogenous equilibrium m which we know precisely the amount of 
protein ingested and can estimate the respiratory changes 

That the nitrogenous excretion m fever is increased above the nor- 
mal and above an amount which could be accounted for by the food is 
perfectly evident from the results of all experimenters Senator esti- 
mates the amount as about double that found m the normal, but it dif- 
fers m different cases and tends to sink in the later stages of the fever, 
always remaining above the normal, however In those diseases m 
which there is a sudden or critical fall m temperature there is often an 
especially intense epicntical excretion of nitrogen after the crisis This 
is explained sometimes as due to the retention of nitrogenous excreta m 
the body until that period, or again as the result of the febrile inhibi- 
tion of urinary secretion Another explanation is found m the idea that 
the exudate of cells produced during the inflammatory process which 
caused the fever is suddenly absorbed and its nitrogenous portion ex- 
creted, but this suggestion is weakened by the fact that the same epi- 
critieal rise may occur m inflammatory diseases m which there has been 
no such accumulation of exudate 

For an exact study of the nitrogenous excretion m fever which satis- 
fies our demand for certainty rather than conviction we may refer to the 
experiments of May and Staehelm once more May found that in his 
rabbit with the advance of fever and without food the nitrogenous out- 
put, which by that time must depend on destruction of the tissue pro- 
teid, advanced from 1 79 to 2 45 gm per day, while Staehelm found that 
the negative nitrogen balance which appealed during the prodromal 
period of the fever increased gradually until the death of the animal 
from 0 5 to 4 70 gm per day There is no question, then, that m this 
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instance, m spite of the available food, tlieie was an actnal attack on 
the tissue pioteid, and we aie led to inquire whethei this is always the 
case 01 whethei possibly, as May maintained, the destruction of tissue 
piotem is due to an insufficient supply of mtiogen-fiee and mtiogenous 
substance in the nutriment The veiy fact that m hunger the extent of 
the protein decomposition is so piomptly changed by the onset of fever 
seems almost sufficient to decide this question, but it is put m a dealer 
light by the experiments of Weber , 40 who studied the changes which he 
could produce in a sheep which he could lender feverish by injection of a 
toxin extracted fiom glanders bacilli, by the administration of diffeient 
amounts of carbohydrate m the food He found first that, although it 
took an amount of nourishment which would under normal conditions 
maintain nitrogenous equilibrium and yield a sufficient amount of avail- 
able energy, it still lost protein during fevei When, however, he fiist 
elevated its protein store by abundant feeding and continued the abun- 
dant feeding of protein and carbohydiate lie found that even during 
fever tlieie might be maintained a saving of piotem He was not able 
to estimate exactly the protective action of the caiboh} diate or piotem 
consumption during fevei, because of the difficulty m getting the animal 
to consume enough of it As F Muller 47 points out, we can not assume 
from any such experiment that the protein decomposition m fevei is the 
same m character as that m health, nor can we demonstrate m this u ay 
the existence m addition to the oidmaiy protein destiuction, of another 
form due to the cause of the fever P A Shaffei 48 has m the same way 
been able to protect the body proteid from consumption m typhoid fever 
by the administration of a diet uch m carbohydrates 

It is interesting to compaie the nitrogenous excretion m foims of 
hyperthermy not produced by infection with that found m infectious 
fever Such, for example, are the hypeitliermy following so-called heat 
puncture and that resulting fiom overheating In both of these condi- 
tions it is found that there is an excessive excretion of protein as well 
as an increase m the general oxidation processes This is particularly- 
stuffing m the experiments made by immeismg persons m a hot bath as 
earned out by Wmtemitz, m which he found that the absorption of 
oxygen and the excretion of caibon dioxid was far m excess of that 
observed m any infectious fever, and appioaclied moie closely the effect 
seen m violent muscular woik Others, such as Topp , 49 Schleich and 

46 Weber Areli f exper Patli , 1901, xlvn, 19 

47 Muller (P ) Leyden’s Handbucli der Ernalmmgstheiapie, 189S 

48 Shaffer (Philip A ) Metabolism in Typhoid Lever, Jour Am Med Assn , 
1908, lx, 974 

49 Topp Inaug Diss , Halle, 1S93 
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Foiinanek , 50 liave shown that the piotem output is also gieatly in- 
creased On the whole, the lesult seems to he veiy similar to that which 
might be pioduced not only by museulai woik, hut exhaustion from 
such work It would be a mattei of extieme interest to determine m 
this case whethei the piotem decomposition is due to the insufficient 
supply of caibohydrate only, or whethei it is actually the lesult of the 
heat mjuiy to the muscles Wmteimtz’s expenments were carried out 
on fasting persons, and it seems possible that had these persons been sup- 
plied with very abundant caiboliydiate food the excessive nitrogen excre- 
tion might have been spared, as, indeed, was the case m Yoit’s 51 dog 

We aie liaidly m a position to deteimme even fiom these experi- 
ments as they stand to what extent the height m tempeiatuie as such 
brings about an mcieased piotem decomposition, hut the geneial as- 
sumption is that it plays a consideiable jiart It is none the less a fact, 
supported by vei} r abundant evidence, that when the utmost effect of 
hypeitheimy is taken into eonsideiation theie still lemams m fever an 
excessive excretion of mtiogenous material which must be accounted for 
by dnect injurious action on the piotem of the agent which causes the 
fever 

The nature of this injurious pioeess, winch is veiy indefinitely spoken 
of as a toxic destiuction of the cells, must diffei widely m diffeient 
cases, and must m many instances be quite out of propoition to any 
effect which it produces m the foim. of fever, for it is well known that 
there are many infectious and toxic processes associated with extreme 
destiuction of the tissues m which there is no febule reaction at all It 
is, therefore, quite impossible for us to foim any estimate from the com- 
position of the excreta as to the extent of the febrile reaction which may 
have occurred Hor is it possible m the present state of our kn owledge 
for us to recognize any peculiar type of alteration of the tissue which 
can be regarded as particularly associated with the discharge of this 
reaction 

Theie seems to be at least two distinct types of protein decomposi- 
tion which may take place m the tissues first, that m which the protein 
stored m the tissues is decomposed by the action of the living cell itself, 
and, second, that which goes regardless of the influence of the cells, and 
m dead protoplasm qs the result of the activity of certain ferments 
which are commonly spoken of as proteolytic ferments, and winch play' 
such an important pait m the process of autolysis It seems quite pos- 
sible that these ferments or similar ferments may also he concerned m 

50 Sclileicli Aieli f exper Path , 1S75, iv, S2 

51 Voit (F ) Sitzungsber d Gesellsch f INIorphol und Physiol , 1895, 120 
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the vital activities of the cells, and form the instrument by which they 
pioduce the necessaiy decomposition of piotem matenal, but we are 
quite ceitam of then activities m the piocess of autolysis 

How these processes are affected b} r the mjunous agent m fevei is 
not perfectly cleai, but it may well be imagined that by the destiuction 
01 lnjuiy of cells, more matenal is furnished for the autolytic decom- • 
position of piotem which diffeis m some degiee from the vital destiuc- 
tion of piotem Some light is tin own on this by the recent discoveiy by 
Aionsohn and Blumenthal , 52 that tlieie occurs m the course of fever a 
veiy greatly mcieased amount of pioteolytic feiment m the muscles, 
wlnle that m the liver is somewhat diminished 

The biologic significance of this destruction of tissue is by no means 
cleai, but Kraus makes the suggestion that it mai prove to be explicable 
by hypotheses similai to those which Ehrlich adopts m Ins tlieones of 
immunity, and that, m fact, it is probably m some way associated with 
the development of immunizing 01 protective substances This will be 
referred to later 

"When we attempt to assign to a souice m the body the piotem which 
we may thus assume to be denved from living tissue, we have very little 
basis on which to go Salkowsla concluded from the fact that m fever 
an excessive exeietion of potassium accompanies the increased output of 
nitrogen, that the nitrogen is probably derived chiefly from the muscles, 
but other than this we have very little information In view of the fact 
that the total oxidation is not greatly elevated m fever, it is important 
to know vhethei the protein is completely oxidized m the body 01 
whether possibly intermediate products derived from the non-mtrogen- 
ous poitions of the protein aie stoied theie This, as is well known, was 
maintained by Senator, who thought, as we have mentioned before, that 
the body became during fever richer m fat Eraenkel, too, finds it 
easier to explain the excessive excretion of urea on the basis of inade- 
quate oxidation than otherwise, for an analogue is found m such types 
of intoxication as phosphorus poisoning, m which an excessive amount 
of urea is excreted and fat at the same time stored up This brings us 
to the discussion of the question of fat metabolism m fever, which may 
be considered parenthetically here, since we know so little about it It 
still remains a question as to the degree of oxidation of fat m the course 
of fever, and, as I have said, the older ideas of Senator begin to be con- 
tradicted by such work as that of Staehelm, m which an excessive con- 
sumption of the body fat can hardly be ascribed merely to inanition 
Most authors writing on this subject assume that the gradual wasting 


52 Aionsolin and Blumentlial Ztscln f klm Med 190S, Ixv, 1 
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of the body fat during fever is due not so much to a direct attack on the 
fat itself as to the lowering of nutution and the consequent demand on 
fat tissues such as occurs m hunger 

Further, it is of interest to know whether the mci eased heat produc- 
tion during fever is accounted for by the oxidation of such nitrogenous 
substances as correspond to the increase of nitrogen excreted It is diffi- 
cut to decide this accurately, but it is generally assumed (Kiebl, Kraus 
and others) that it is probably sufficient After all, since the actual 
increase m heat pioduction is very moderate and m some cases may be 
very slight indeed, it is easy enough to accept this conclusion, but we 
are by no means so confident m assuming that the increased heat produc- 
tion does depend solely on the mcreased nitrogenous decomposition 

The question as to the changes m the proportions of the vaiious 
nitrogenous substances m the urine brought about by fever is probably 
a very important one, but our information on this point is not as yet 
wholly satisfactory notwithstanding the fact that the urea output is 
absolutely increased, the increase m the excretion of other nitrogenous 
substances may be such that it actually forms a smaller percentage than 
normal 

Great emphasis was laid by Krehl 53 on the appearance of albumoses m the 
mine m fever, and there were forms of deutero albumose which he regarded as 
particularly characteristic of febrile excretion Indeed, he carried this idea so 
far as to assume that the formation of albumoses might furnish the real cause 
of the febrile reaction, and showed that the injection of such albumoses derived 
from various sources would cause fever in animals He has retracted these ideao, 
hov ever, since it has been shown that the fever thus produced is probably due to 
impurities, and since it has further been shown, especially by Dietschy/ 1 that the 
occuirence of albumoses m the urine is by no means constant m fever, and that 
it depends chiefly on the reabsorption of cellular exudates and tissue remains 

Of the other nitrogenous substances the ammonia seems to play an especially 
important part, being excreted m greatly increased amount m some febrile dis 
eases Erben 5 " records the excretion of 3 53 gm m one day m a ease of measles 
and Hallervorden 6 and others have recoided daily excretion of 175 to 2 gm , 
although the normal is not more than 0 7 This is doubtless due to the formation 
of certain organic acid materials m the course of these diseases which demand 
neutralization by the ammonia set free m the decomposition of the tissues 

Theie is at times a moderate increase m the excretion of uric acid, although this 
is by no means a very constant or conspicuous feature of the febrile urine, and, 
as Horbaczewsla pointed out, it depends largely on the amount of destruction of 
cellular material that has taken place Thus, we might expect m such a disease 
as pneumonia, and especially m the epicritical period, an increase m the uric acid 
output, because of the dissolution of such gieat quantities of nuclein holding cel- 

53 Krehl and Matthes Arch f exper Path u Pharmakol , 1S98, xl, 430 
Ixrehl Verliandl d Cong f inn Med , Wiesbach, 1898, xvi, 229 

54 Dietschy Inaug Diss Basel, 1906 

55 Erben Ztschr f Heil , xxv, 1904, 33 107 

56 Haller\ orden Arch f exper Path, 18S0, xn, 237 
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lular exudate, but an extensive destiuetion of any otliei tissue might be expected 
to bung about m the same way an increased uric acid output 

Eiben points out the fact that both xanthm bodies and ammo acids are in- 
creased m fe’ier, but m a degree varying with the charactei of the disease, for 
while these substances are increased alike m measles and diphtheria, the ammo- 
acids are much more mci eased than the xanthm bases m scarlatina and typhoid 
feier He explains the prominence of the ammo acids on the basis of the ex 
tensive resorption of lymphatic tissue which occurs m those diseases The fol- 
lowing table gives a few of the figuies from his extensile investigations, which m 
the mam agiee with the eailier ones of von Jaksch 57 

Peicentage of Nitiogen From Total Ni- 



Ammonia 

Unc 

Acid 

Xanthm 

Bases 

Urea 

Amino- 

Acids 

tiogen g 
Per Day 

Measles — 

Fe\ ei day 

9 90 

3 23 g 

1 39 

4 68 

77 88 

6 15 

29 433 

Normal day 

3 70 

per day 

1 53 

3 S6 

S2 96 

7 95 

9 79 

Scarlatina — 

Fever day 

8 66 


1 42 

2 19 

77 98 

9 75 

9 69 

Fever day 

10 16 


2 SI 

3 44 

71 14 

12 17 

371 

Convalescence 

3 78 


147 

2 33 

85 86 

6 56 

9 07 

Typhoid Fever — 

Early m fever 
Defervescence 

4 55 
2 94 


1 81 
146 

1 14 

0 99 

87 27 
77 45 

14 71 

14 63 
13 92 


A R Mandel cs has studied the excretion of xanthm bases m fevers and finds 
them markedly increased and inversely proportional to the output of une acid 
He further shows that there is a constant relationship between the height of the 
fever and the quantity of punn bases m the mine and that a febule tempei- 
ature can be produced by the injection of xanthm bases It seems from this work 
that we lia\e not reached a position m which w T e can finally estimate the im- 
portance of the metabolism of these substances, hut it is probable that their 
further study will tlnow much light on the significance of the intensified de- 
composition and excretion 

Much importance has lecently been attached by Folin 1 ' 3 and others to the ex- 
cretion of kreatmm m its relation to the nitrogenous metabolism as a whole, and 
it seemed probable that m such conditions as feier in wdnch theie is a gieat 
wasting of muscle and other tissues there might be expected an increase m its 
excretion 

Leathes' 0 in his obseivations on febule patients m the wards found an actual 
decrease in the amount of this substance as compared with the normal, but later 
having kept himself on a kreatmm-free diet he experimented on himself, pro- 
ducing feier by injecting an antityphoid vaccine and then found a definite al- 
though slight mciease m the amount of kreatmm excreted Shaft er, 01 on the 
other hand, does not regard kreatmm as a constant index of endogenous protein 
katabolism He finds it slightly mci eased m acute feiers regardless of the mus- 
cular development of the individual Kreatm also is found by him to he ex- 
creted by the subjects of acute fevers, and he thinks that it results from an ab- 
noimal breaking down of muscle piotem Van Hoogenliuyze and Veiploegli 0 - con- 
clude that kreatm may be converted mto kreatmm chiefly by the liver and that 
when the liver is exhausted or mjuied so that its ability to transform the 

57 von Jaksch Ztsclir f klm Med , 1903, 1, 67 

58 Mandel (A P ) Am Jour Physiol , 1904, x, 452 1907, xx, 439 

59 Folm (0 ) Am Jour Physiol, 1905, xm, 117 

60 Leathes Jour Physiol, 1906-7, xxxv, 205 

61 Shaffer Am Jour Physiol , 1908, xxm, 1 

62 Van Hoogenhuyze and Verploegh Ztschr f physiol Chem , 1908, Ivn, 161 
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kieatin into kieatinm is distuibed, kieatm may also appeal m tlie mine In 
seveial cases they found kreatinm markedly mci eased during high fevei In the 
case of one of themselves this was especially clearly demonstrated, as a brief 
febrile attack oceuned during then study of then own kreatmm excretion 
Then result differed from that of Leathes in being associated with no great m- 
eiease m the geneial nitrogen output 

In addition to the above mentioned substances, there frequently 
occur m febule urine one or moie of the stages m the oxidation of oxy- 
butyria acid into diaeetic acid and acetone The acetone is that stage 
which is most likely to appeal, and it is only m moie intense distuib- 
ances of oxidation that the diaeetic acid and ox} r butync m turn appear 
In convalescence they disappeai m a reveise older These substances 
are doubtless formed m some such way as they appeal m inanition, but 
practically nevei reach the abundance in which they are piesent m that 
condition They may be made to disappeai m part, at least m some 
cases, by the administration of carbohjkhates They are not present m 
fevei to any such extent as obseived m diabetes, but when a febnle affec- 
tion supervenes m diabetes the acetone bodies aie usually increased As 
to the source of these substances, it seems quite probable that they are 
dneetly derived from the decomposition of piotein matenal, whethei 
from the inanition which so commonly accompanies fevei or from the 
toxic effects of the infectious process, but they may be an index of the 
febnle abnormal consumption of fat 

Kegnard , 03 Geppert , 04 Minkowski , 00 Kraus 00 and otlieis have shown 
that m fevers the carbon dioxid content of the blood is diminished and 
think that this is due also to an acid poisoning which, however, must be 
somewhat indirectly demonstrated The increased output of ammonia 
mentioned above is another indication of the same thing 

CARBOHYDRATES IN EEVER 

With regard to the oxidation of carbohydrates m fever we know very 
little There are numerous statements m the literature concerning the 
disappearance of glycosuria m diabetes when fever supervenes 

Bleiweis 07 showed that this was inconstant and that indeed the assimilation 
limit for sugar might be lowered m febrile diseases Richter 05 confirms this in- 
constancy of the effect of fe\er on glycosuria and diabetes and also makes the 
statement that in fever alimentery glycosuria is easily obtained It can be 
shown that it is the infection and not the elevation of temperature which stops 
the glycosuna m diabetes, for the hyperthermy lesultmg from heat puncture has 

63 Regnard Combustions-Respiration, 1879 

64 Geppert Ztsclu f klm Med , 1880, n, 356 

65 Minkowski Arch f exper Path , xix, 209 

66 Kiaus Zeitsclir Heilk , 1S89, x, 1 

67 Bleiweis Centralbl f inn Med , 1900, xxi, 50 

6S Richter (P P ) Berl klin Wchnscln , 1903, xl, 841 
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no eflect on adienalm glycosuna, ulnle bacterial infection with fever prevents 
such glycosuna 

The whole subject of alimentaiy glycosuna m feiei has been eonsid- 
eied by Di Campagnolle, 00 who finds that the limit of assimilation of 
dextiose is maikedly loweied Ott 70 found that m febrile animals the 
stonng and subsequent conversion of gl) cogen occupied a much shortei 
tune than m normal animals, and he suggests that m man the exhaus- 
tion of the stored glycogen may occui more lapidly than m health Noel 
Paton 71 also finds fiom expenments on labhits that the simple elevation 
of temperatuie mci eases the lapidity v ith which the glycogen of the 
livei is converted into glucose, and that m infective fevers the glycogen 
in the liver is quickly i educed An intei estmg paper is that of Hollm- 
gei, 72 who studied the sugai content of the blood m health and m fever 
The normal content is gieatly exceeded m almost all cases of pneumonia 
which he studied To such an extent did this hypergtycemia rise that 
had these cases been diabetics tlieie would certainly have been gfycosuria, 
but none oecuned here In otliei forms of infection also he finds a 
similai lnqpeigfycemia 

May and Weber, as we have already mentioned, held to the idea that 
the3 r could by the admimstiation of carbohydrate during fever leduce 
piotein destruction to, or even below, the normal amount, and, indeed, 
the}' v ere able to reduce the febule destruction of the body piotem to a 
very great degree The exact explanation of this is not perfectly clear 
even yet, whether they meiely supplied the deficiency resulting from 
inanition which would otherwise be supplied by protein, or piotected 
protein from the effect of the I13 pei thermy alone, 01 whethei finally the 
carbohydrate given could piotect to some extent the protein of the tis- 
sues from toxic destruction (which seems entirely improbable) it is dif- 
ficult to decide "Webei, however admitted that he was unable m this 
way to protect the protein completely 

Hirsch, Muller and Eoll} r , m then studies of topography of heat 
production, have emphasized the impoitance of the liver m this process 
because they found that it was the warmest oigan Hirsch and Polly 25 
investigated the effects of heat puncture on a curanzed animal and 
found that fever could be produced m these animals, which lends sup- 
port to the idea that the heat production occurs m the liver, and that it 
depends on the non-nitrogenous metabolism of the liver It was but a 
short step to the investigation of the effect of heat puncture m a glyco- 

G9 Di Campagnolle Deutscli Aicli f klm Med, 189S, lx, 188 

70 Ott Deutscli Arcli f klm Med , Ixxi, 263 

71 Paton (Xoel) Edinburgh Hosp Rep , 1894, 11 , 72 

72 Hollmger Deutscli Arcli f klm Med , 1907-8, xvn, 217 
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gen-free animal, and Kolly 73 found that m such an animal heat puncture 
is impotent to produce any elevation of temperature If, however, the 
glycogen be restored to the animal fevei production takes place Infec- 
tions, however, give rise to fever m glycogen-free animals quite as well 
as m those with abundant caibohydrate supply Senator and Richtei 74 
repeated this work and found that after making the animal glycogen- 
free by poisoning with strychnin the heat puncture produces almost as 
high a tempeiature as m well-nourished labbits, and they conclude that 
the production of fever is not dependent on the presence of glycogen, 
and, indeed, that hypeithermy does not depend on the burning of any 
special substance In my judgment, the positive lesults of Senator and 
Richter must have greater weight than the negative results of Hiiscb 
and Roily, especially m view of the uncertainty which attends the some- 
what difficult operation of heat puncture m the production of fever, and 
we aie thus deprived of the brilliant explanation of heat production 
which Hirsch, Muller and Roily attempted to furnish us It seems evi- 
dent, however, from the other experiments and observations, that carbo- 
hydrates are well oxidized m fever, and peiliaps even particulaily well if 
we accept the results of Hollmger At any rate, it appears that m the 
fevers that have been studied the carbohydrates are lapidly oxidized and 
may even protect to a certain degree the proteins which are otheiwise 
so quickly attacked, and we may the more readily assume that m the 
later stages of fever m which no great quantity of carbohydrates has been 
given m the food the oxidation finally depends chiefly on the protein 
and fat 

WATER METABOLISM IN' EEVER 

As to the water exchange we again have lathei conflicting ideas 
which doubtless depend on inaccuracy of observation and on complica- 
tions which are not necessarily found m all febule affections Such 
complications may arise as is obvious from disease of the kidneys 01 of 
the lieait or from general disturbances of the mineral metabolism which 
depend on degenerative processes m the tissues as a whole Heie, again, 
it is the water balance which must be accuiately determined so that the 
observations of Glax , 75 who neglected the lespnation, peispiration, etc, 
and decided on water retention m fever, can hardly be considered Some- 
what moie exact are the investigations of Riva Rocci and Cavallero , 70 
who weighed their patients and estimated the respiratory exchange, and 

73 Roily Deutsch Arcli f klin Med , 1903, Kxvm, 250 

74 Senator and Ricliter Ztschr f klin Med , 1904, liv, 16 

75 Glax Berl klm Wehnschr, 1894, xvi, 937 

76 Riva Rocci and Cavallero Deutsch med Wchnscnr , 1895, x\i, 529 
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thus calculated the water excretion fiom the skin and lungs They 
found a variable retention during fever, but a great output of water at 
the end of fever Krehl and Mattlies found that the heat loss m fever 
from evaporation preseived its relation to the heat loss by radiation and 
conduction — an abnormal condition — because m health the heat loss by 
evaporation is extraordinarily vanable and after muscular exertion the 
increase is enormous m comparison to that by radiation and conduction 
Wassilewsky 77 finds m the study of many febrile diseases that the evap- 
oration from the skm is very low during the stage of increment of the 
fever, somewhat highei but still below the normal during fastigium, but 
gieatly mci eased m the stage of decrement Lang 78 experimented with 
tuberculin fever and found that there was a marked difference m fever 
between the evaporation of water by the lungs and by the skm, for, 
while m health the excretion by the skm per square meter may be 13 
gm per hour, increasing 100 pei cent after an abundant meal and very 
much more after muscular work, it is also about 13 gm. during the 
height of fever On the other hand, the normal man exhales 0 21 gm 
per kilo from the lungs and 0 27 after a meal The febrile patient may 
exhale while fasting 0 32 gm per kilo from the lungs Thus m fever 
the evaporation from the lungs is increased 50 per cent and the total 
loss of water is 20 per cent Thus the insufficiency of the evaporation 
fiom the skm m fever must have a very important role m the elevation 
of the temperature It must be suggested, however, that m this work 
of Lang only one type of fever is considered, whereas it is well known 
that m certain other types, such as that seen m tuberculosis and acute 
rheumatism, there may be a great deal of sweating associated with high 
fever 

Schwenkenbechei 70 has devoted much attention to the water ex- 
change m fever and finds that the excretion of water varies perhaps 
more with the “direction” of fever, as he expresses it, than the actual 
height of temperature He finds that m pneumonia theie is, on the 
whole, no marked retention of water, although that is usual m typhoid 
fever and tubeiculosis m the sense that, although the patient loses more 
water than the healthy person, he also excretes more solid substance and 
may become relatively water rich He follows Liebermeister m his 
ideas of heat regulation, finding that the febrile person with his elevated 
temperature excretes water when the heat production is still further 

77 Wassilewsky Peispiratio msensibilis im Pieber, Diss , Petersburg, 1867 

78 Lang Deutsch Arch f klm Med, 1904, Ixxix, 343 

79 Schwenkenbecker Aich f exper Path, 1905, lm, 365, 1906, liv, 168, 
1907, h li, 285 
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elevated by a meal, m the same propoition as the normal person The 
amount of watei at the command of these mechanisms is veiy consider- 
able, so that until we have moie accuiate knowledge of the watei bal- 
ance we can not certainly assume that the diuresis which accompanies 
the crisis m ceitam fevers is dependent on a pievious active retention of 
water It is cleai that these obseivations of Schwenkenbecker and Lang 
and others give us information only as to the alterations of the water 
exchange which have to do with heat regulation, while the total watei 
metabolism is not elucidated by tins means Foi that purpose we must 
have such absolute figuies as are to be found m Staehelm’s table, from 
which we learn that the dog infected with suria took m during the whole 
period with the food and drink 9,030 gm of ivater and excreted alto- 
gethei 11,225 gm, the water of mine, feces and lespnation being meas- 
uied The dog thus lost during this penod 2,195 gm of watei which, 
m spite of the fact that some edema developed, does not argue for the 
letention of "water 80 On the whole, "while the diminution m the un- 
nary output during the height of fever and the concentration of the 
mine are well known m eontiast to the meieased unnary output at 
the crisis or m the early days of convalescence, the attempts made to 
demonstrate, m consequence of this, meieased watei content of the 
blood and tissues have not been distinctly successful oi convincing 
The explanation of the decrease m the amount of mine has geneially 
been attempted on the basis of disturbances m the blood pressuie and 
pathologic changes m the kidneys mterfeimg "with then function 
It seems, however, that m view of the sudden restitution of the func- 
tional activit} 1 " of the kidneys m the crisis, the disturbance must have 
been a functional one rather than an actual anatomic lesion, and one 
can hardly escape the idea that if "water is letamed m the body dui- 
mg fever it is not because of the inability of the kidneys to excrete it, 
but rather because it is needed m the tissues to seive some good end m 
the furthering of the febrile reaction Much more accuiate work is 
needed for the dealing up of this subject 

MINERAL METABOLISM IN NEVER 

Of the metabolism of mineral salts m fever we can speak with cei- 
tamty only of the relation of the sodium chlond A distinct retention 

50 In anothei papei 61 Staehelin intimates the effect of night sweats in tubei- 
culous patients and finds that sweat as such has no influence on the consump 
tion of energy and has not nearly the cooling effect that might be expected, and 
that its significance, therefoie, must be sought elsewhei e than m the heat legu- 
lation 

51 Ztsehr f Klin Med, 1908, lxvi, 241 
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of the sodium ehlond m the tissues seems to oecui m certain febrile 
diseases, although not m all Eedtenbachei 81 was the hist to point out 
such ehlond letention m pneumonia, and his diseoveiy has been abun- 
dantly confiimed by Eolimarm , 82 Teiray , 83 Moiaczewski , 84 Hutchinson 85 
and many others It is found that the amount of sodium ehlond ex- 
creted in the unne m pneumonia is very greatly decreased until the 
crisis, when it is excieted m laige amounts Tins is true even though 
an increased amount of salt be given m the food Kohmann thought 
that the letention was due to a combination of sodium ehlond with cn- 
culatmg piotems m the blood, but tins has been dispioven, and it is 
shown that the accumulation really takes place m the tissues Leyden, 
who emphasizes the retention of water during fever, held the view that 
the letention of chlonds was for the puipose of maintaining the iso- 
tomcity of the tissue fluids, and m tins Ten ay agreed, but it seems, 
as Hutchinson points out, that the amount letamed is far greatei than 
is neeessaiy foi that puipose, and some other explanation must be found 
This is the more difficult, since othei feveis, such as t3 r phoid, show no 
such constant ehlond letention Another suggestion is that the chlonds 
actually f oiming a constituent of the excessive exudation m pneumonia 
may explain the letention, but even this, as Terray has shown, is quite 
insufficient to account for the amount retained In malaria it has been 
found by Eem Picci and Cacemi 80 and also by Teiray that the ehlond 
letention is to be obseived on the fever-free days, while there is an in- 
creased output on the days of fevei, and they think that the gieat de- 
struction of led corpuscles is sufficient to account foi this — again an 
impiobability 

We know so little about the excretion of other mmeial substances m feiei 
that we can baldly resort to the consideration of the balance usually main- 
tained between these substances m order to explain the divergence from normal 
in the 1 elation of the chlonds It may lime a direct relation to the excretion of 
phosphates, as Schwartz thought There is a great deal of dispute about phos- 
phorus excretion in fever, but Moraczewski tells us that the phosphorus excre- 
tion is increased, especially with lespect to the acid phosphates The relation be- 
tween the phosphorus excietion and that of the calcium is well known to be in- 
timate, and it is stated that the calcium excietion is diminished m feiei, but that 

82 Redtenbaelier Wien med Ztg, 1850, 373 

82 Rolimann Ztschr f klm Med , i, 543 

83 Terray Ztschr f klm Med, 1894, xxn, 341 

84 Moraczewski Ztschr f klm Med , 1899, xxxix, 44 

85 Hutchinson Jour Path and Bactenol, 1898, v, 406 

86 Eem Picca and Cacemi Policlmieo, 1S94, 564, Maly’s Jahiesb , 1894, xxiv, 57 
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after convalescence tins retention of calcium phosphate is compensated for by an 
mcieased excretion Perhaps the most satisfactory papei on the subject is the 
recent one by Moraczewski , 87 m which cases of pneumonia, typhoid, malaria 
and tuberculosis are studied All the asseitions of the earlier writers aie con- 
firmed as far as they go, and m pneumonia a very distinct critical rise 
in the phosphorus and potassium excretion is noted, the excretion of these 
substance remaining high aftei the ensis, while the chlonds are extiemely low 
until seveial days after the crisis, when they suddenly increase Moraczewski 
gives a scheme to illustrate the lelations of chlonds and phosphorus to 
the temperature curve, w'liich he divides into several periods The onset 
of the feiei brings with it an increase of chlonds, decrease of nitrogen and 
decrease of phosphorus In the second penod the chlonds decrease, nitrogen in- 
creases and phosphorus decreases, but begins to rise a little later with the 
nitrogen From this condition, m which the chlonds fall very low, theie occurs 
a change with the fall of temperature which consists m a continued mcieased 
output of nitrogen and of phosplioius, while the chlonds increase to normal or 
above it, all finally returning to normal 

Let us now, after this somewhat tveansome discussion of the details 
of the metabolism m fever, review very briefly what has been said about 
the whole subject We find that m fever ive have a reaction ■which is 
occasioned by a variety of injurious influences acting on the body, a re- 
action which is characterized by a model ate mciease m the oxidative 
processes, and consequent moderate increase m heat production, but moie 
especially characterized by such changes m the heat regulation as lead 
to disproportion between the heat pioduction and the heat loss, and a 
consequent rise m body temperature The disturbances m metabolism 
are found to consist, not especially m the oxidation of non-nitrogenous 
substances which are predominantly concerned m health m the produc- 
tion of heat, but m much gi eater degree m the destruction of protein 
material, not the protein of the food exclusively, but m a pre-eminent 
degiee the protein of the tissues The destruction and oxidation of 
carbohydrate and fat goes on m fever also, possibly to a greater extent 
than has generally been supposed The changes m mineral metabolism 
are as yet but imperfectly understood, but it appears that m the course 
of fever water and certain mineral salts are at times retained m the body 
only to be excreted later when the febrile process is over On the whole, 
the change m metabolism is not one particularly marked by its intensity, 
but rather by the peculiar proportions m which the materials are con- 
cerned, and the formerly accepted idea that there we have to deal with a 
greatly increased oxidation is upheld neither by the amount of heat 
production nor by the quantity of oxidation products resulting It 
seems from the constancy of the characters of the febrile reaction, no 
matter what the exciting cause of the fever be, that we can not regard it 


S7 Moraczewski Virchow’s Arch f path Anat, 1899, 155 
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as the meie effect of the injurious agent on the passive body, but must 
lathei look on it m the light of an elaborate modification of chemical 
processes evolved m the course of centuries of development to answei 
some special purpose It seems probable that every detail of this leac- 
tion is that which is best calculated to take its own special pait m the 
making up of a whole well-aimed plan Bveiy available mechanism co- 
operates to the utteimost of its power m the fiist stage to elevate the 
temperature of the body, when that temperature is once brought to a 
suitable level, many of these mechanisms are no longer necessary, and 
when the febrile temperature itself is no longer needed other mechan- 
isms are equally active m discharging the heat The aim of the individ- 
ual peculiarities of metabolism is not so easily giasped, but it is heie 
again quite as difficult to escape from the conviction that they are de- 
signed to play their part m the general plan, and because this reaction 
has developed m the long processes of evolution, it seems inevitable that 
this plan is one devised for the good of the organism, and that fevei is 
m its essentials a protective reaction This idea is not by any means 
new, but has prevailed for centuries, being lost throughout whole periods 
m the stiuggles of physicians to cure the fever regardless of the disease, 
and it is only m lecent years that it has again become usual to think of 
the fever as probably a beneficial reaction which should not be intei - 
feied with 

Some light has been shed on this by the contioversies regarding the 
usefulness of antipyietics, about which a very considerable literature has 
spiung up In just what way the fevei acts beneficially it is almost im- 
possible to say m the piesent state of our knowledge, but the recent 
studies of the development of immunity, which show that when the tis- 
sues aie attacked and injured they react by developing an immunizing 
substance, probably offer a general explanation for the type of reaction 
with which we are dealing, which agrees m so many paitieulars with the 
behavior of the organism m the known development of immunity The 
very facts that when the injury is overwhelming we may have no febule 
reaction, and that when the course of the intoxication suddenly changes 
to the advantage of the organism the fever ceases, point to a close an- 
alogy between the febrile process and the process of the production of 
immunity Why the heightening of the temperature of the body should 
be necessary is not perfectly evident, but it is easy to believe that undei 
those circumstances the production of immune substances might proceed 
m a way impossible at a lower temperature In conclusion, then, I can 
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only express my conviction that the febrile process is a reaction benefi- 
cial to the organism and doubtless intimately associated with the de- 
velopment of protective substances to combat the injurious agencies 
which have invaded the body 88 

88 Since the delivery of this lecture there has appeared the very interesting 
paper of Roily and Meltzer (Deutsch Arch f klm Med, 94, 1908, 335) on 
the significance of liypertheimy They find the giowtli of bacteria somewhat m 
hibited by temperatures of 40 41 C No certain result could he obtained as to the 
protective effect of overheating on animals infected with bacteria when large 
quantities are injected at once If, however, smaller quantities are injected daily 
there is a distinctly favorable influence Heating alone does not change the 
alexin content of the blood, and the effect of heating on phagocytosis is indefinite 
in the animal, but up to 40 C is apparently favorable in viiro Heating has no 
influence on the resistance of animals to fatal doses of a bacterial poison, but 
when small doses aie given agglutinins and bactenoRtic substances are produced 
far more rapidly and abundantly m animals which are kept overheated than m 
those which are kept cool 

The febrile temperature injures the organism to a certain extent by causing 
loss of weight, lowering the hemoglobin index, etc , but there are no definite in 
juries pioduced in the organs even by a long heating Even though overheating 
can not be regarded as surely identical with the condition m fever, it is probable 
'that this paper marks a most important adiance m the comprehension of the 
Jrue nature of fever 
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